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A. BACKGROUND 

The stream of data generated during an anti-air warfare 
(AAN) operation at sea can be overuhelming, and an efficient 
and complete analysis of the information provided by all the 
different shipboard sensors will take more time than 
available. One solution to the problem is the design of a 
20006: based Decision Support System (DSS). This system will 
have the capabilities of today’s computer technology. 
Erg graphics, sO that it will be able to utilize 
information gathered on own ship, on enemy forces, and also 
ки EE and intelligence data. The system will effectively 
predict enemy near term moves, will organize all of this 
collected information, and will present it in a form 
(lc ires)j that NIS easy to use and understand. With a 
Sophisticated algorithm, it can lead to appropriate decision 
making, 

One sti ae this 5 is to design a small 
interactive DSS and to show examples of a few modules written 
to deal with various features of the engagement of an 
incoming threat. After analyzing the available information 
about this target and about our weapons, an optimized use of 
our power against this target will be suggested to ipu 


user. An analysis of his action will be carried out and 


the results displayed, Another objective is to show examples 


of how to convert some of the raw information provided by 
some of the ship borne sensors to a comprehensive picture 
on the screen of an IBM PC/AT computer. The Ios (E this 


thesis will be limited to an AAW operation conducted from the 


Combat Information Center (CIC), This work does not provide 


an operational capability because it is meant to be 
educational. Most of the elements used here are generic since 


the real ones are classified. 


Bo SEAS 

The Interactive Simulation of an Engagement At Sea (ISEAS) 
is a PC based computer program, under developement at the 
Naval Postgraduate School, where many of the features of a 
real engagement are simulated. It is written in the C language 
and reproduces the functions of a CIC, from the use of the 
radars to the direction of the weapons. 

This paper has two main parts. The first part (Chapters. 
II, III and IV) deals with the tactical situation and the 
decision-making, busi پ٣٢‎ 2” is simulated given the 
information provided by the RADAR module and the WEAPONS 
module which are written by other students. The second part 
(Chapters V and VI) will look at some of the ways to display 


information with the aid of graphics. 


IS IME BIG PİCTURE 


A DEFINITIONS 

What happens when there is a target to engage? How is the 
engagement decided, and when? What happens during the 
engagement, and afterwards? What is the role of the Combat 
155056 то Center? Hou does conduct this task? This 


chapter will introduce the user of ISEAS TE the different 


oer 


events that occur during the engagement and to the differen 
possible outcomes. Also, the user will be made familiar with 
Bm cocructure ot ISEAS and be able to identify the different 
modules and understand their relationship to each other. 

A big picture of the engagement will be drawn here giving 
a SEN idea of how an outcome can be reached. To do so, an 
Essential Elements Analysis is conducted, and a relationship 
between a "moa outcome and an end-event is established. 

First, the definitions of some Keywords used throughout 
this thesis are needed, 5775117) these Keywords mean different 
2277 2۵772 of Me va ME سے‎ the e cU and also because 
the tactical doctrines Keep changing with time. The main 
difference is their scope and extent of use. The author was 
125057 E6 Piind any specific Written definitions. But here they 
are defined and the mean the following. 

Combat Information Center (CIC): it is the space within 


the en» in which the battle is fought. Tactical control of 


all the ship's combat systems resides in the CIC.  Inter-ship 
communications and se command and control functions are 
also performed in the CIC. Specifically, the following five 
functions are performed: 

1. Information collection 

2. Information processing 

3. Information display 


4. Information dissemination 


5. Weapons direction (involving the fire control 
system)? i 
Fire Control System (FCS): it is the set of computers, 
consoles, data buses  interfacing with sensors. weapons 
launchers and weapons direction equipment. It takes inputs 
from the sensors, processes them in the computers and 


generates firing solution computations and weapons direction. 

Command and Control unit: it is the processor of 
information that generates solutions other than the firing 
computations, such as information about a detected target, 
pulled out from a large database system; or a suggestion of an 
optimised use of the ship’s weapons against a raid. Such 
Suggestions are based on a set of rules of different tactical 
Situations and doctrines, implemented in the algorithms used 


by the processor, 
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6, ک حرط‎ 0000016 1--175 
In a one-on-one engagement between a ship and an aircraft 
or a missile there are four possible outcomes: 
1. The target is killed, and the ship survives 
2. The target Survives, and the ship is killed 
3. The target survives, and the Ship also survives 
4. Both the target and the ship are killed 
An Essential Elements Analysis (EEA) can be conducted for 


each outcome to see uhat are the events that lead to it, 


However, since we are more interested in looking at the 
action of the ship against the attacker, and since we assume 
(at the present time) that our ship is invulnerable, an ЕЕА 


for the target Kill alone will be conducted. 
There are two possible outcomes for the target: 
1. Target killed 
2. Target not Killed 
A target is killed if the ship succeeds in countering it 

and denying its penetration at one of the defense envelopes 
(long range, medium range or short range missile envelope); or 
TE 6 mnt ә سج‎ о all the envelopes NE US 
۴٣۰۰۶۰٠۰٢٠٢ ٢٣٦ 6> accurately ə misses the ship. Again since our 
concern is to actually prevent a successful enemy attacK, we 
will look mat the first possibility; the ship effectively 
counters the target. For the ship to succeed in Killing the 
target the following events should occur successfully: 


— target detected in time 
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— target identified and designated correctly as enemy 
— target assigned to the fire control system 
— target acquired by the fire control system 
— target tracked accurateiy 
- a fire control solution generated correctly 
— a proper weapon is available and ready for use 
— missile is launched 
— missile intercepts the target 
— target is killed by missile warhead 
The algorithm of the engagement of a target by a weapon 
will follow these straightforward steps, provided that each 
step is accomplished. Àn assessed probability of happening can 
be computed or determined from a table prises to the ۱٦ 
engagement. The ultimate result is a value of howssuesesstul 
the missile was in killing the target or the total probability 
Gf GKill given a ‘sing lessor r r ии 
An analysis of the final outcome "target Killed” is useful 
for determining the sequential steps for the algorithm of 
2 rme 
| The с OT the final A ии — Killed ə 
useful in vo کہ‎ out the events that might cause a failure 
in Killing the target. The elements and events that lead to 
these two final outcomes should be considered if we want our 
model to be more realistic. In the real world, these elements 
and events can be countless. In our model they are limited to 
a few obvious ones, easy to understand and varied enough to 


cover different areas. 
12 


A target not killed means that it was able to fly through 


all three envelopes successfullv. An EEA should be conducted 
for each envelope, but since they differ only slightly from 
each other, only one EEA will be done for the long range 


envelope. The differences from the other two envelopes will be 
mentioned at the eng of this chaptes 
The target may not be killed for the two following 
reasons: 
— the ship fires and misses 
She Ship does not fire at all 
If the ship fires and misses it will be for the following 
reasons: 


— missile malfunction (versus a failure to function) 
given a good fire control solution 


— fire control system malfunctions 


One category of missile malfunction could be a hardware 


problem, leading to a technical failure of the missile's 
Guidance unit or the propulsion unit. Another category could 
be the guidance algorithms or the software Was not 


sophisticated enough to prevent the missile from being 
diverted away from the 2006 or simply an unsuitable 
navigation law. 

Tus b control System malfunection can lead to a bad fire 
20ً hon, For example, inaccurate parameters or wrong 
m or mation about me target can be the cause. If where is a 


tracker problem or a successful use of the ECM by the enemy, 


ə 


the target will not be tracked probPeplv anda de 7٦ 
will then be difficult to get, Another malfunction of the 
fire control system can be caused by a bad human-machine 


interface; the operator can be too quick or too slow to react, 


or he сап push the wrong button, or becomes confused and 
misinterprets information. The m m can be an 
inappropriate choice of the missile, such as a too slow 
missile for a fast or highly maneuverable target, or an 


inappropriate choice of the time of launch that may lead to a 
target out of range after firing the missile. Finally, a 
mechanical failure of a switch or a light to indicate a state 
(not ready or target not acquired, etc.) can be the source of 
a maltüunebiom 
If the ship does not fire it could be for the following 
reasons. A fire control solution is generated, but the 
launcher fails to function or is not in a proper SPiN 
position. Also, a Command and eo problem may prevent the 
firing despite the availability of a solution, A safety 
factor or a management problem could be the source. 
m. a 5 entre kon e d mm ral the ship 
cannot fire, This can be caused by several different events: 
- target not detected or detected too late because of an 
۶۷31607 ٦۴ sensors malfunction or inadequate 


performances 


— target detected but not identified/designated properly 
because cf the IFF malfunction or failure 


— target designated correctly but not assigned/acquired 
by the fire control system, and that can be caused by a 
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communication problem between the sensors and the FCS, 
A defective manual assign/acquire phase can be caused 
by the delay of the operator 
— target acquired but not tracked because of a tracker 
Failure or an evasive action taken by the target (lost 
CRACKI etc... 
Figure Il-1 shows the relationship of these events, 
The main difference between the long range envelope and 
the medium range envelope is the detection-designation phase, 
Because that was accomplished in the previous envelope and 


needs to be done only once, there is no need for its 


repetition. The same applies for the short range envelope, 


rə 
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III. DESCRIPTION OF ISEAS 


WAN BET EE, DESCRIPTION 


BR. is an interactive Simulation of an engagement 


between a ship and an attacking aircraft, It simulates the 
حور تا‎ Carried on in the Combat Information Center, from 
the search phase to the eventual Kill of the target. Three 


modules have been written separately by NPS students at ۶ 
time of this thesis. These three modules have been combined 
by the author into one large program, These modules are the 
radar module dealing with the detection and the tracking 
phases; the weapons module, simulating the flyout of a missile 
mwen the launch to the intercept point; and finally the Combat 
Information Center module which solves the firepower equation, 
computes the geometric parameters of the engagement, and 
processes the information about the target and displays it in 
F... and graphics modes. 

Each module is written in the C language and uses two 
aes Dres. ии "les are used exclusively by 
their module where they are declared. Global variables are 
exchanged between modules so they need to be declared outside 
of the modules. In, this way, they are available for every 
module that needs them, Typical global variables are the 


Target s position Z, Y and ہے‎ 


Lə 


ihesootiurocumudulcsaın. explained briefly below, pointing 


out their outputs and how they work with each other, 


B. RADAR MODULE 

The radar module [Ref. 1] is the first one called by the 
program when the simulation starts. Logically, it is the first 
phase of an engagement; the tarde las lo be detected ma ии. 
engagement is to occur. This module simulates the major 
functions of a radar, from the generation ot an 111100 5 


~ i Th ہہ‎ 
CIT X2IL 


(n 


beam ta the energy losses. to the detection of an aby 
weather, any jamming boy the enemy, and the characteristics and 
limitations of the radar are taken into account. This module 
Simulates two different types of radars; the search radar and 
the tracking radar. The input for this module is the actual 
position of the target, which at this time is simply on a 
straight and level flight path. The output is the position of 
the target as tracked by a radar: contaminated by the 
uncertainities and approximations because of the present 


technology. 


әј WEAPONS MODULE 

This module [Ref, 2] becomes active when the firing of a 
missile is ordered from the CIC, After the order, it reads the 
present position of the target and its predicted intercept 
point solved for by the CIC module. Ihen it calls uc Taun niea 
function where the initial azimuth and eleyation of the 


launcher are computed. Following is the call mən the flyout 
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sunction, BAS ENS function the target's position is read 
every time it iterates, then the atmospheric conditions 
(density and temperature) are computed, After that the EEE 


Slope curve coefficient is calculated in the preparation for 


the solving of the angle of attack, The missile's thrust and 
weight are computed next. Finally. the guidance function is 


called and the angle of attack is solved. The output of the 
flyout function is the updated missile's velocity and 
position, The updated position of the missile is sent to the 


CIC module where it is proceszsed and displayed, 


m COMBAT INFORMATION CENTER MODULE 

This module is the controller of the program. Basically, 
it performs three different tasks. The first one is to solve 
the firepower equation, producing the firing geometry and 
analyzing it. The second one is to "orchestre" the different 
modules and subroutines of ISEAS on a time step event basis. 
The third one is to gather the information available and 
display it in a useful way. For details of how these tasks 


are carried out refer to Chapter IV in this thesis, 


POS nT "رن‎ ۲٢ 00ط‎ 

Figure III-1 shows the flow of the program, First, the 
input program is run and the variables are either changed or 
the default values are kept. These variables are saved in disk 
files. Then the simulation is run. It asks for which data 


files to be loaded. Then, the simulation starts by displaying 
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INPUT PROGRAM 
DATA FILES 


FL2=1 
USER FIRE FLI=O 
12.72 INTERACTION hn 






CONTACT 


FU=1 


NO DETECTION 
[WEAPONS MODULE | 


XY AND Z OF TARGET XY AND Z QF MISSILE 
COMPUTED COMPUTED 


Figure III-1. Flow of the Program 
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the tactical screen with the information on own ship only. 
The radar module is called and the search radar is activated, 

MWE search forn an object starts into a loop. The deteetion of 
the target turns on a flag whithin the radar module when it 
reaches the maximum detection range. The later is computed 


after the technical characteristics of the radar and the 


weather conditions are checked. Once the detection flag is 
turned on, the target is reported to the CIC module where it 
is identified and designated as hostile, The firina geometry 


Solved by the firepower equation and the closest point of 
approach (CPA) module is drawn on the tactical screen, Thus, 
üp to now, we have a tactical screen where the maximum 
detection range, and the long, medium and short ranges of the 
missiles are drawn. On the ‘text’ screen, information 
concerning the radar being used and the weapons available are. 
displayed. Also, information about the newly detected target 
is available. The CPA and its location are computed and drawn 
on the tactical screen along with the predicted flight path ot 
the target. The position ot the target is updated by 
تک‎ ousiy mcs the Me. This position is 
displayed on the ‘text’ screen and plotted on the tactical 
screen as it becomes available. Now, the user is looking at a 
radar-type screen with the necessary information permitting 
him to make a decision as to when to fire and which weapon to 
use. The CIC module, by this time, has already computed the 


possible firing sequence of the missiles depending on the 
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range of the target from the ship. The individual probability 


of Kill given a single shot (PKss) for each firing, and the 
total probability of kill are also available. Thus, the user 
knows what are his chances to Kill that target. The plotting 


of the target's position continues as long as it is within the 
detection Stange durna an B; action. When he 
decides to fire at the target, the tracking radar is turned on 
by calling the tracking module. The later takes over the 
position updating with better accuracy. The user assigns the 


target to a weapon (long, medium and short range missile 


0 
0 
(1 


provided they are available) and when he decides to fire, the 
weapons module is called, and the launcher position is 
computed and a ready signal is sent back to the CIC module. 
Now, the CIC module will be calling the tracking function, 
within the radar module, getting the instanmtaneous po mas S 
the target, displaying it and passing it to the weapons 
module. The latter goes to its flyout function and "flies" the 


missile accordingly and returns the missile’sposition to the 


Clee which plots it on the same screen, This sequence is 
Followed until the missile stops flying, then an analysis of 
the firing is done. The result is displayed in the form of a 


PKss number and a total probability of kill if previous 
missiles were fired at that target, 12 the user decides to 
Fire another missile, a delay time is observed, and the 
weapons module is called again in the same manner as betore. 


The user Keeps firing as he wishes provided some weapon is 
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available and ready to be fired, and as long as the target is 
within the missile’s envelope, Once the target is killed 
(which is determined by a Kill threshold value), or when it 
leaves all envelopes, a summary of the engagement is displayed 
as to how many missiles were fired and when, their intercept 
range and their Pkss. A total probability DI SS O 
displayed . The CIC module calls the radar module, setting the 
mags to their a: values, and actıvatıng the”seareh” radar 


for a new target. 


Fl 


pa 


This simulation goes cn until the user decides to stop 


or until he expends all his missiles. 
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IV. THE DECISION 887٦ 


A. pISCUSSION 

This chapter deals with the operational side; the 
decision-making and the analysis of the user's action, ТО 
define the steps needed for this task, a tactical situation is 
developed pointing out the events happening during an anti-air 
operation, 

TACTICAL SITUATION The tactical situation may ke best 
developed by listing the sequence of events which lead to the 
interception of the target by the surface to air missile. The 
following events would normally be expected to occur in 
sequence: 

di; DETECTION: The attacking aircraft is detected in some 
manner. The detection will be conducted from the ship 
with the surveillance radar. 

2. IDENTIFICATION: The target must ke identified as 
friend or foe, If the target is identified as enemy, 
an alert must be given. 

— EVALUATION: İnformation as to position and altitude, 

" * direction of motion, and probable type of attack is 
needed in order to direct the specific means of inter- 
ception that may be best emploved at least risk to 
the ship. 

4. ASSIGNMENT: After the target has been evaluated, the 
the user will assign a weapon to it with the assistance 


of the command and control unit and the fire control 
system, 
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After receiving the information needed from the search 
radar and the tracking radar, and also from the weapons unit, 


the Command and Control unit will have to determine an 


optimized weapon assignment, The Fire Control system will 
e erate a solutionysuitable to the target, and the Command 
and Control unit, given the tactical and management 


requirements, will decide on the engagement parameters, zo the 
Ere order will be issued at the right moment with the 


appropriate conditions, 


Pais Seer in the previous paragraph, two different units 
are involved so far; the Command and Control unit, and the 
tre Control system, 

B, COMMAND AND CONTROL UNIT 

Every element in the Combat Information Center, from the 
sensors to the weapons, performs differently in the various 
Situations presented. For example a missile may have a better 
Pr@bability of hit when the target is closer. A sensor 


performs better when it is not Eunctioning in a hostile 
environment. A target is easier to counter when the 
appropriate weapon is readily available and so on, The level 
of performance can be measured as a percentage of A maximum 
capability. Another way to think of it is how much can yon 
expect that element to perform correctly. Usually, this 
performance is related to one or more parameters, such as a 
range, velocity, availability etc.. The value, which is a 
probability number, is either fixed or variable, found in a 
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table, guessed, or Computed from a function: İn this 


situation, a decision is more difficult to make because the 


decision maker is not judging if that element will function or 


not. Rather he will have to evaluate 1ts performance with a 
value ranging trom zero to gne Furthermore, a complete 
action inyolves many different elements. Consequently, the 


overall evaluation of the mission s result is more JF 


lays a vital role 


o 


to determine. The Command and Control unit 
in this process. With the appropriate set of rules fot 
7 probabilities and 03ت 5×رت ۳ 9ء‎ 1 and 
sophisticated tactics and algorithms, ١+ +١ +٣٠ 
unit can provide the decision maker with an optimized reaction 
in any tactical situation. The advantage of the 25275 and 
Control unit, which is merely a processor loaded with a 
sophisticated progranm, 15 speed and memory. Et ız DU. UO 
deal with various tactical situations, to interact with the 
different sensors and equipment on board, EO process 
information according to a set of rules at very high speed, 


~ 


and to recommend an optimal action 1n easy "Way OMNEM E 
Usual b NN E SOCOM ls —: ھی ہہ‎ of graphics on 
tactical CRT screens, 

The Command and Control unit implemented in ISEAS gives a 
simple example of how a number of missiles will be suggested 
to fire at given times so they will achieve a wanted total 
Kill probability. Also it gives ٣6٠٠١ ة٣‎ 
accumulated kill probabilities for each missile fired or 7 


fired. 
28 


Another use of the Command and Control unit is to help 
uc thewmissi les regarding the availability and the Kind of 
mission and the type of target to deal.with. There will be 
missiles on board for different ranges (long, medium and 
short) with different capabilities; mainly speed and 
navigation iaw. Once the ән about the target is 
available, the Command and Control unit will help in choosing 
the right weapon for the target. The problem of managing the 
number of missiles could be solved by the same unit. The 


operator can either fire at the target every time E 3 


t 


possible regardless of how many missiles will be expanded, or 
wait for the target to get closer so the expected kill 
probability reaches a preestablished value and then fire. In 
the later case less missiles would be fired and the Command 
and Control unit is appropriate for such computations. 

Ihe Command zı an 9 iin “155350 “can be 
modified and improved to deal with more complex problems and 
take into 055005 more parameters. 

The first problem that this unit solves in this program is 
the 25777... 6 uc against the intercept 
range, A missile is supposed to have a maximum range and a 
minimum range. In this model, the missile will have a high 
probability of Kill at the minimum range (RN) and a lou 
probability of kill at the maximum range (RÀ) and a zero 


probability outside its operating range (either beyond the 


maximum range or within the minimum range ). The probability 


; Ze 


of kill given a single shot (Pkss) will be a function of the 
intercept range, varying between two nominal values within the 
operating range. The simplest type of function that will do 
this task is a linear function (Eigure IV-I). “The dl? a 
will have the following form: 


Pksstrange) = A € range + B : RN € range < RX 


Pkssírange) O if range > RK or range < RN 
This .£unction can be used in two different ways; to 
compute the Kill probability given an 1InCEe£FCEBU range 407077 


— 


the range at which a Specific probabili me kal can be 


achieved. 
Pkss 
1.0 
0.0 | RN RX RANGE 
Figure IV-1, Linear function 0277505077 5” 
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۳۰۰۰-۰۶۱٥۱6۲360 gives the probability ef kill given a single 
shot, which is considered a success p versus a failure q. The 
accumulated probability of kill for multiple shots is 


given in the following form: 


Pk(total) = 1 — wq ** n 
with q = 1 — Pkss for each missile fired. 

But since the value of Pkss varies for each missiie 
(because each missile is fired at a different distance) the 
loma tor the total probability of kill will be 

Hal nl = 6105 ۲۳۴8607 where PKssí(1) is 
the probability of target Kill for the ith missile fired. 

Moner use of the fúnction of the probability of kill is 
to determine the intercept range at which a given value of the 
Kill probability is sought. 

This is done by inverting the initial ne Ак to the 
following 
range = (PK(range) - B) / A 

This range is the intercept range. For the intercept to 
Geer at this Lange the fire control system has to solve the 
geometry and find the firing range which is prior to the 


intercept range. 


a FIRE CONTROL SYSTEM 
One of the main functions of the fire control system is to 
determine how many missiles can be fired at an incoming 


threat. The solution is given by the FIREPOWER equation 


“1 


derived here, The raid could be either an aircraft or a 
missile, with the following conditions: 


— the raid is moving at a constant Veino y: constant 
direction and constant altitude (non maneuvering-target) 


— the heading is not necessarily toward the ship 


— the geometry and the equations are treated in three 
dimensions 


— the missile has aà maximum intercept range and a minimum 
firing ranae 


To fire the maximum number of missiles, the first missile 
must be fired so that it will intercept exacti" tts mea ys. 
range. Subsequently missiles must berred Í ` 
possible, until the raid has closed within the minimum firing 
range or left the envelope. In developing this equation, a 
shoot-look-shoot policy has been used with a Variable look 
delay time. 

The  shoot-look-shoot model is a EET valid when only 
one fire control radar or guidance system is available for 
that particular target. To solve the firepower equation, the 
closest point of approach (CPA) is needed. À module called CPA 
solves this problem.- Once the CPA is solved for, the geometry 
tor the firepower equation can be drawn and solved. 

1. Ihe Closest Point of ۶ھ‎ ۲0 m 


The variables used in this module are: 


CPA : the closest point of approach in the X-Y plan. 
CEFR : the closest point of approach in the  X-Y-Z 
Space, 


AT,YT,ZT : the initial position of the target. 
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MI. CR : the target's velocity and course. 


5577 : the target's velocity components. 

Io YS he initial position of the ship. 

755 : the ship's velocity and course. 

XS,YS : the Ship s velocity components. 

Z,Y : the components of the target's relative 
velocity. 


The output will be the true TCPA (three dimensions). 
The geometry is shown in Figure IV-2, Zero degree heading is 


A . = = جا کے ہے‎ x S L : ea YE IN 
ہی‎ 3 1 16٥3 along the W-axi 5 the 16: 


ہے 


1257 


LA 
(1 
(9 


and po 
(Cartesian coordinates). 
The ship to target horizontal distance is computed 
knowing the initial positions. 
R = SQR [(XS-XT)*x2 + (YS-YT)xx2] 
Ihe angle À from the target to the ship in the horizontal plan 
ls given by 
A =WARCTANME(YI-YS) / (XT-KS)] 
"The ELS OË ees relative velocity are 
computed next. The ship is taken as the reference so that 


X = XT — XS 


Y 1 


uhere 
XS = VS * cos(CS) 
YS - VS * sin(CS) 
51577 5: 


YT = VT € sin(CT) 
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Closest Point of Approach 


Pune v -F 





(SA SX) dIHS 


54-14=А | 
ÁL 


(LA DO 139391 — Sx-ix=x 


The angle of the relative velocity is found from 
B - ARCTAN (Y/X) 
A new angle C is computed from the geometric 
difference of the two previous angles. This angle gives the 
HEometryv of the final triangle that will lead to the CPA in 


the X-Y plan. 


The CPA in the X-Y plan 1s the opposite side of the angle 


(О 


Ihus, 
CPA = R * sin(C) 

۰6 ۰٣۲97۲۸ takes the altitude of the target into account. 
TERA — 2:5"U:CPA)sasZ `+ (ZT)%%2 ] 

TCPA will be referred to as the CPA meaning the true CPA, 

A test is made on the angle C. If it is larger than 90 
degrees (absolute value) no CPA case exists. Geometrically 
Speaking, the target will not get any closer than where it is 
at the time of the computation, 

2. The Firepower Equation Module 

Now that we have the CPA we can construct the geometry 
for the Ei tut For ihe purpose of Tkr two 
different geometries will be considered: 

CASE I: the target is on any heading (variable CPA), 
but with no delay look time (T — 0). (Ref. 3) 

CASE II: this is the general case, the target is on 


any heading, with a variable delay lock time 1, 
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The following terms, in addition to the ones already 


defined in the CPA module will be used in the derivation: 


SAM : surface to air missile. 

RX : maximum intercept range of SAM. 

RN : minimum intercept range of SAM. 

VM : speed of SAM, 

Le Eames 

n : nmumber of missiles after initial intercept at RX. 
TA. : the target angle, from the target, between the 


target's flight math and che glue M r hn. 


LA : lead angle, from the ship ,between the missile's 
flight path and the line of sight. 


KI : the distance traveled oy şa aaa b n 
5 06606227766 ٢ 


RI : the intercept range, measured from the ship. 


As it was stated before, the first missile must be 


fired so that it will intercept at the maximum range of the 


missile. The equation will be derived for the additional 
number of missiles fired after the raid has reached RA, and 
one missile will be added to this number. 

CASE I: target with any headainga swa no delay55 

An equation giving the number of missiles that can be 
shot at an incoming threat as a functicn ef the target's 
closest point of approach is derived below, The geometry 


involved in this model is shown in Figure IV-3. 
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From this figure it can be seen that the smaller the 
CPA is, the more missiles that can be fired. The flight path 
of the target within the missile's envelope increases as the 
CPA decreases. 

The number of missiles that the ship can fire during 
the time the target is within range is a function of the 
parameters RX, RN, VM, VT and the missile's flight geometryv. 
Figure IV-4 illustrates how the flight geometry changes with 
two different laws of navigation (pursuit and lead angle), 
thus changing the time of flight and the distance to the 
intercept Ди 

In the following derivation, the lead angle navigation 
with a constant line of sight is chosen for three reasons: 1) 
this course is more efficient in terms of the ۰ ة٤‎ 
flight before it reaches the target; 2) the equation is easier 
to develop; 3) it is often used by many missiles. 

Figure IV-5 illustrates the problem to be solved in 
calculating the number of possible shots as a function of the 
CPA. The initial target angle Ta Ca Sp S in = 

xg TA = تہ‎ 

The lead angle is derived using Figure IV-6. For an 
intercept course to exist, the components perpendicular to the 
line of sight of both the target speed (Vta) and the missile 
speed (Vma) must be equal. Thus 


Vta ҸУТ * =:пТА 


Vma = VM * sinLA 
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LEAD ANGLE NAVIGATIDN 





PURSUIT NAVIGATION 


Figure IV-4. Flight geometry changes with two different 
laws of navigation. 
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Figure IV-6. Lead angle and target angle, 


therefore 
VT * sinTA = VM x sinLA 
and hence 


LA = Arcsin [(VT * sinTA) / VM] 


Once the lead angle equation is defined, the problem 
of Figure IV-5 an be solved for RT and RI. Knowing both lead 
angle and target angle, the third angle ( PHI ) of the 
triangle described by RX, RT and RI in Figure IV-5 can be 
determined by using 

PHILS TFI = SERA YE LA) 
RT and RI can be found by the law of sines 
SinPHI / RK = sinTA / RI = sinLA / RT 
RI = RX sinTA / sinPHI 


RT = RX sinLA / sinPHI 
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If a shoot-l1ook-shoot firing doctrine is used, awa a 
zero delay time between shots is assumed, then the intercept 
range for the previous shot becomes the firing range for the 
succeeding shot, and the target angle for the succeeding shot 
can be expressed as 

ТА(п) = &rosin[CPA MEN 0] 
for a closing target, and 

TA(n) = PL — BA resim II 081 
For an opening target. 

Another way to compute this angle regardless of the 
target's situation is to use the angles of the previous firing 

TA(n) = PHI OSD WEA n 0 

Now the initial lead angle LÀ can be calculated, and 
RT(2) and RI(2) calculated, and so on, until the target has 
flown out of SAM range. 

To get the maximum number of missiles, a missile must 
be fired to intercept exactly at the maximum SAM range, 
Therefore, each intercept shown in Figure IV-3 is in addition 
to the initial intercept at maximum range. 

The ә ORE of the firing parameters, the 
intercept range mainly, are iterative. Each firing geometry 
depends on the previous firing, and so on until the initial 
intercept which is RX. As long as RI is smaller than RX the 
iteration will be executed, and the number of missiles that 
can be fired is incremented. When this condition is not true 


anymore, the iteration is abondonned and the total number of 
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missiles to be fired is n plus the first missile for the 
initial interception. 

CASE II: target with any heading and a delay time 

For this general case, the target is approaching the 
500 From any direction on any course as in case 1. However, a 
delay time T is adopted for observation of the missile at the 
intercept point to see if another missile is needed or not to 
Kill the target. In the previous case, the intercept point was 
considered to be the initial firing range for the succeeding 
missile. In this case, the target will travel a certain 
distance corresponding to the delay time T before a new 
engagement geometry will be solved for. This distance is the 
same for all the shots since the delay time and the target's 
velocity are fixed. To solve the firepower equation the target 
angle (TA) after the delay time is required, are needed first. 
Three new parameters are defined in Figure 1۷-7: 


— NPHI is the angle between the flight path of the target 
and the previous intercept range RI. 


— NL is the angle opposite the distance DIST corresponding 
to the delay time. - 





TARGET 


Figure IV-7. Geometry of the engagement with delayed 
time. 
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— NR is the new initial firing range used to compute the 
target angle. 


The equation for TA is solved in the same manner as 


before, but there are more steps in this case. They are: 


۷۲۲۷ ٣۰٠٠٠٠٠۶ ۶۹4 1 
DIST X V 
NR = SOR {DIST ** 2 * RI ** 2 — Z*DISIT eMe NM 
NL z Arcsin(DIST € CPA / (NR x RI)) 
TA = PH + NE 
With TA determined, the computation is continued as 


for the previous case to solve for the RI. 

This iteration tests for the next intercept range to 
see if it is valid to fire another missile or not by comparing 
RIS EN RW 

When the intercept of the target is possible but the 
target itself is far from the ship, it takes a relatively long 
time for the missile and the target to reach. the ٣ 
point. Thus, very few missiles will be expended. But the 
closer the target is from the ship the shorter is the time 
needed to reach the intercept point, Thus, many missiles will 
be expended within a few seconds, 

Since many types of missiles have a minimum intercept 
range, the iteration solving the firepower equation 15 


improved to take the minimum range REN into account. 
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When the target closes within the minimum range the 
iteration stops and then restarts immediately with a new 
intercept range at RN for the departing target. The iteration 


then continues for the departing target as before. 
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V, IHE ۹)٣ ) 8ا‎ 


This chapter describes the opening screens of ISEAS and 
the input screens which give the user the choice to change any 


of the variables, 


A. 017٣٣ 

These Ser ma are all in graphics mode (versus system's 
text). The graphics library used in ISEAS is HALO, which is 
considered to be the standard for the Graphics Kernel System 
(GKS). For detailed information about the use of HALO in 
ISEAS see Chapter VI. (Graphics). 

1. The Opening Screens 

When  ISEAS is executed, the first screens displayed 

are the opening screen (Figure V-1) and the explanatory 
Screen: Their function is to inform the user of ISEAS, what 
does the word ISEAS stands for and its developers, The 
explanatory screen briefly describes ISEAS, discussing what it 
does, what is its scope, how to use it, and where to refer to 


for more information, 


zo The Input Screens 
AS it was described in Chapter III., ISEAS is a program 
that consists of three different modules; the radar module, 
the weapons module, and the combat information center module, 
For versatile use of [SEAS the program has an input 
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Figure V-1, The Opening Screen, 
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capability in which the user-can change some or all of the 
variables and judge their influence on the outcome of the 
simulation. 

In ISEAS, every module has an one or more independent 
input screens such as shown in Figure V-2, Basically, they 
are all built the same way. First, since they are graphics 
screen, HALO” s environment 15 initialised and a viewport (i.e 
window) covering 75% of the screen is set{the other 25% is 
reserved for the scanning of the values of the variables as 
explained later). This viewport is filled with a color as a 
background cor and mapped from O to 100 on the horizontal, 
and O to 50 on the vertical with the origin (CU located at 
lower left corner of the display monitor. This mapping is 
necessary so the application can be device independent, and 
also £fonausuc 1777 af. 1507 ے‎ ۷٦56< ۲۳٣ 6٥٥ت.‎ ٣۰٠۹٦٦٦٠٠۰۹٠٦٠٠۰ lewWpor t, 
a title for that screen is displayed. Since this is the input 
med the title for all the screens is “INPUT MODULE”. A 
subtitle displayed below it informs the user as to which set 
of al tages pe actually being input, 2۳56 ےج ہک کہ‎ ٤ 
Su ٥ and thus Pour Tno YET the аг, the 
tracking radar, the weapons, and the combat information center 
input screens. On each input screen e list of variable names 
that can be changed is displaved. Each variable name bears a 
letter (from a to z) as an individual identifier. Note tran 


the values of these variables are not displayed yet. They are 


48 





Figure V-2. Search Radar input screen with no values 
display yet. 
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stored in disk files which are identified by filenames that 
match their module name; the extension of these files is “DFL". 
for default. The program scans the variables values from these 
files and automatically displays them next to their variables 
names respectively (Figure V-3), The user is then asked 1f he 
wants to change some of the тә message at the top of 
the screen refers the user to the manual (to be prepared) for 
the meaning and Timies ot (688 var. 7:5 chooses 
to change some variables and presses the character “Y”, the 
program switches to the “input mode”, this sis a while loop' 
with the condition being i (ÜLtH€ input €2225 57 aaa to ٣٦ 
A SWITCH instruction branches to the appropriate CASE 
Statement based on the letter entered and identifies the 
variable name to be changed. The new value iS entered at the 
Keyboard, The old value is erased then (Figure V-4), and the 
value newly entered 7۶۶" 4817 > م‎ ۱۵۶۰۹٠٦۶٠۷٠٦٦۷ equal 7۳ 
the user is in the input mode which allows him to change any 
variable as many times as he whiches and in any order he 
wants. He can leave the input mode by pressing the character 
дә аһ аси POENIS in the ا‎ to tne CASEWW*X' where i 15 
set equal to ‘N’, The condition tor them] e 1605 Is nou "— 
anymore and the program exits the input mode, The display 
E the values on these input screens was niet cas CS. create. 
HALO has no capabilities of )۶ی0۶‎ исти 1 - 9 
numbers from the console or the Keyboard and no text can be 


sent directly from the Keyboard. It displays text (not numbers 
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Figure V-3, Search Radar input screen with the default 
values displayed. 
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Figure V-4, Input screen with a value [s.BW] to be 
changed, 


such intergers or float values) Enak as stored in a string. 
Thus all the variables values are converted from integer or 
float numbers to character text! This was done with the help 
of the Lattice C compiler, except that scanned variables are 
echoed on the display monitor, which destrovs the graphics on 
the viewport! The method used te fix this inconvenience was 
۶۳۰ ۰٠٠ خ‎ ۱۹۶١3٣٠٠٠٠٠۰۰۰٠٦ ٠٠٠٦٦5٠٠٣۲۲٢٢٣٦٦ ٦٢۹٦ area ot the display for 
text input and number input. The rest was allocated to the 
graphics with the viewport defining the limits between the two 
modes. 

When the user exits the input mode he is asked if he 
۷75٦165 to save his set of dàta in a disk file (for future use, 
reference or comparison) (Figure V-5). In the affirmative, he 
is asked to enter the filename and extension of his file. 
Since it is a disk file the A ин can be no longer than 
eight characters, and ə extension no longer than three 


characters, After that. the program opens a disk file by that 


name and stores the data in it. This last action ends the 
current input screen, and the user 1s prompted to hit any Key 
5 M net A new input Screen is eyed with the 
Eonsespending title and variables list, and so on. until all 


the input screens are displayed. 


ISEAS consists of two separate programs. The first 
program, the input program, is used to change variables and 
to create data Files. The second program is the actual 


57010 وج اٹ‎ later asks tor a data tile to load. The user 
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Figure V-S. An input Screen with the option to save 
the data 
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will either choose the default files or his own, which was 
created by the first program, The default files are provided 
With the program. But if they are not available for a reason 
of a loss or other reason, they can be generated easily. The 
variables will be zeroed out because of their nonayailability 
(Figure V-6) but they can be changed m neu default values and 
stored in the default files. The same procedure can be 


folloued if the default files need to be changed, 


BS WHAT ARE THE OPTIONS? 

ucc scudo Seas 1s divided into three 
parts according to the three different modules. In the 
following, these parts are described as to how many screens 
each part is using and the list of variables displayed on that 
screen with the definition of each variable, 

1. RADAR INPUT 

This module has two ہکےہ‎ screens; the search radar 


screen and the tracking radar screen. 


a, Search radar screen (Figure V-3) 
This screen has twenty variables, their default 
values are stored in the file called “SEARCH. DFL”. Their 


definitions, units and default values are: 


a, PJ : jammer power, 0,1 Watts. 

recovery tune. 0 5B—b Seconds.‏ 0ئ 
ал ии ср Ыса width. 1.5 degrees.‏ ”255577 
jammer antenna gain, 0,0,‏ 271117 

e.T ити трии, 2r-o seconds. 
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Figure V-6. An input screen uith the variables 
“zeroed out” 
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E BEL : elevation beam width, 10.0 degrees. 
g.JR : jammer to radar distance, 45,0 meters. 
h. AZR : antenna scan rate, 120.0. 


i.POWER: transmitter power, 3,0E5 Watts. 


j.FAN : false alarm number, 1.0E10 ? 

ENP au ۲6٦50۳6 5.0 ° | 

IET, pluncino loss, 2.0 (dB 7?) 

m, NS 54356 Of scans, 3: 

ПЕК : 5 m О (dB 2) 

o. EA : effective area, 0.8 square meters. 

57: > antenna altitude, 30 meters. 

msl : system temperature, 290,0 degrees Kelvin. 
r.PRF : pulse repetition Frequency, 100070 Hertz. 
s, BW : receiver bandwith, 5.0E6 Hertz. 

ome transmitting Peeters UDS Her tz. 


X.EXIT : quits the input mode, 


B. Tracking radar screen (Figure V-7) 
This screen has twelve variables, lhe variables 


names are similar to those of the search radar, However, to 
DU MET MEETS nave the 
letter T at the end (for Tracker), The values are different, 
A some variables found in the search radar screen don't 


exist in the tracking radar screen. These variables are stored 


in a file named “TRACK.DFL". For more details refer to Ref. 1. 
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Figure V-7. Tracking Radar Inpute»creen 
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“2. CIC INPUT 





This module has one input screen, Its Variables are of 
the ship's situation, andthe CIC. The variable values are 
Bbored im the file called “CIC.DEL". 

a.CS: ship’s course, 0.0 degrees, 
Devo: Ship S Speed, 25,0 Km/h 
57 ..me Tnerement ter the simulation, 0,1 seconds, 


d.LT: look time for the looK-shoot-looK policy, 4 
seconds. 


ENN “Prccholdo EO! deciding a kill has occured, 939.55 
MESIT. 
A WEAPONS INPUT 

This module was not available at the time of writing 


this thesis, 
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VII GR Ar ES 


As was discussed in the Introduction, the graphics 
represents a large part of this thesis, One of the best ways 
to take full advantage of the stream 5 ın£formatıon £ +77 
the CIC is to display it in the form ocre pies ron ES 7-7 
display CRTs. 

In ISEAS, the critical information is gathered from other 
modules, processed and displayed graphically on the screen, 
simulating what is actually happening or what might happen in 
the near future, Thus, the user is saved a big step of 


imagining in his mind, the scenario of the engagement. 


A. HALO 
| The graphics portion or ISEAS =) Writeen in the p. 
language with the graphics library HALO. The later follows the 
Graphics Kernel System (GKS), HALO version 2.30, and lattice 
C, version 3.00G, are the actual library and compiler used. 
HALO is a library of subroutines offering the programmer 
the possibility of adding graphics 0029006 5 tion programe 
In the following paragraphs, Some concepts uscd in [SEAS are 
explained permitting the user to understand how the simulation 
is conducted and also permitting an 1m555)21207697 ` ` 
HALO has first to be initiated Buy a pi BP Ini. ии 
the interfacing devices used nave ooo OS oc E 


the type of monitor used. Once Efe owa ive ١٣١ 7 
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and the appropriate device driver is loaded, graphics are then 
possible to draw. Ihe actual version of ISEAS is designed to 
run with either the IBM Color Graphics Adaptor (CGA) or the 
IBM Enhanced Graphics Aaptor (EGA), Any modification done so 
that ISEAS can run on another type of monitor can be easily 


done in the source code, 


SEAS iz fairly device independent. To achieve this, the 
world coordinates are used throughout the program, ine. Wer id 
coordinates (WC) are a set of coordinates, user defined, that 


map the screen to the range of coordinates chosen by the 
programmer, A point is located with these coordinates 
regardless of the resolution of the monitor used, ta 125256: 
the world coordinates range from zero to one hundred on each 
axis for all of the graphics screens, The viewport (or window) 
is the part of the monitor dedicated to graphics. The whole 


surface of the monitor could be dedicated to one graphics 


screen, the limits of the vieuport are then (0.0,1.0) on each 
axis (i.e., the whole length of each side is used as limit for 


the viewport). Some screens in ISEAS use the whole -display 
screen for one graphics screen, But mostly two viewports share 
the same displav screen. The reasons for this partition are: 


a, two different viewports are needed, one for the 
graphics of the simulaticn and the other for the display 
ST TE information in text term. 


b, the surface of the monitor is not square, Thus, 
anytime a location is addressed, its coordinates have 
to be scaled to the aspect ratio. Otherwise, the 
range on the horizontal axis will be larger than the 
vertical axis. Mi DDI Di TTT ThE ٣۴ت‎ 183۴ visn given 
by the radar. 
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Because of this, a square viewport used by the graphics 
is located to the left and it ranges from 0.0 to 0.6325 on the 
horizontal axis (x-axis) and 0.0 to 1.0ğəen theğu ب‎ ر٦‎ 
(y-axis), (0.0,0.0) being the lower left corner. 

Non-destructive graphics are wanted most of the time. 
This is when the background or whatever was previously 
displaved is restored once the present image is ‘erased’. 
Erasing an image 1s merely rewriting it twice, The second time 
it is written, the image is XORED with the first one and the 
background is restored. This is achieved by turning the XOR 
mode on, Animation is also realized by the same procedure, A 
figure is drawn once, so that it appears on the screen, then 
it is drawn a second time so that it is 'erased', then the 


coordinates of the figure are shifted toward the direction of 


the motion and redrawn and so on, One problem arises when 
uSing this mode with a colored background; the colors change 
and some of them don’t show at all, The background used in 


ISEAS is light blue and the colors used are carefully chosen 
so that the user sees the screen (and the simulation and data) 


easily. 


B. THE ت‎ ۷۱ ۵(۷ 


The graphics are used mainly toss ule e O 


happening during the engagement. Also, possible future 
engagement geometries, intercept points and range limitat TONS 
are shown on the graphics screen. The preengagement phase and 
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the engagement itself can be followed on the different types 
of screens. The first one is a radar-type. display, where a 
circular view is adopted with the ship permanently located in 
the center, The second screen is a TV-type display (not 
discussed here), where the engagement is followed on the three 
different planes. Both of them have a viewport reserved for 
text, messages and data displaying. In the following these 
types. of graphics screen are explained in details, 

2— C display is the first screen displayed 
(Figure VI-1), and it is used for the general information 
HMM Ie cackical situation and the ship's situation, It has 
two viewports, a square one on the left that simulates a radar 
scope display, a second one to the right where messages and 
text information are displayed periodically. 

EXE EIS viewport, the ship is located in the center. 
A pair of orthogonal axes are drawn with marks along them. 
5 — (S concentric circles are displayed. The outer one is 
fixed for all the simulations, and it represents the maximum 
detection range of the search radar used, it is labeled “DR”. 
The ES three circles represent the ranges for the long 
range, medium range and short range missiles an board. No 
other ee nation is displayed before the detection of a 


target, 
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Figure VI-1. Tactical screen with no contact 
made yet., 
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The second viewport (Figure VI-1) is divided into three 
windows showing information about the radar used, the missiles 
and the target. The first window displays information about 
ene radar; the search radar or tracking radar used, then the 
operating frequency, menim Nd mı nucümarımım"detection range, and 
finally a message about the S At this stage, the 
message “NO CONTACT" is displayed. The second window contains 
information about the missiles, Their ranges, available number 
for each one and status (ready/not ready) are made Known to 
Mie the third window, and the most important, gives 
informations about the target once it is detected. Before its 
2566010171” oniy the titles of the parameters are displayed 
with mo data available. These parameters are the identity of 
the contact (ID) designating it as friend, enemy or unknown. 
men" the present position of the contact from the ship is 
Seemed, The CPA and its position are also displayed. 
Finally, the speed and course of the contact are shown. The 
current target is non-maneuvering, thus the only information 
to be updated constantly in this window is the position and 


the range. When a contact is made, and that happens only when 


the target is within the detection range, 7> 0 7 
course are plotted instantaneously, then the CPA is drawn 
showing js location relative to the ship. On the "text' 


viewport first window, the message "NO CONTACT" is replaced by 
a blinking highlighted message "WARNING! CONTACT", The LtHLrEd 


window displavs all the information available about 
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the contact and updates its position while it is plotted on 
the “graphics” viewport simultaneously. The target Keeps 
flying, and the user takes action. The choilces?arae:sc 56 
later, but if the target leaves the detection envelope, the 
updating of the position and the warning signal stop. A new 
message) CONTACT LOST” a ate ee TG the search continues 
forca nenw contact: 

During the simulation of the target sS TIT 7” - 
module solves the firepower equation for the geometrically 
possible intercept points for the three different range 
missiles, Then these intercept points are displayed on the 
screen. The combination of the circles for the three ranges 
and these intercept points gives a complete idea to the user 
of what are his capabilities regarding that specific target. 
The user has the possibility to fire the missile of his chorce. 
at a "c he judges appropriate. His judgement will be based 
on what he sees on the screen regarding the present tactical 
situation and his fire power capabilities, And that is the 


main idea behind using the graphics in the 7 
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VII. SUMMARY 


A computer program Simulating an anti ail operation 
5 Ра from the C.I.C. of a ship was written in the C 
lade to run on an MSDOS personal F. TRIS Program 
simulates teh main functions of a C.I.C. and is incorporated 
into the NPS interactive simulatiron of an engagement at sea 
(ISEAS) with a radar module and a weapons module developed by 
others, Ili bution GE this thesis to [SEAS is Weapons 
direction, decision-making and graphics display of the 
tactical information in a useful form. 

The present version of ISEAS is the product of a first 
iteration which was dedicated mostly to define the frame work 
and scope, It is intended to demonstrate basic features found 
in any CIC, and encounter between a ship and an attacking 
sirocraft. 

The author hopes that more students will take this task 
over and improve the present version and enhance it to a 
higher level with more capabilities. It is a task that can be 


Carried to a high level of expertise. 


67 


’ 


BW, ST, NF, 
PJ. Gn o a. 


APPENDIX A 


Be, 


BEH FAN 


E 


RI, ۱۱۱ ДИ 
55 
,CST, POWT , EETÈ, GLT, BET II ии ин 


SIC 
SEAT 


l Hi 
O 


и | 


x2 
black 
blue 
green 
red 
yellow 
white 
purple Ə ; 
liblue 
PRE, SET ON, 
POWER, AZR. 
AAT , EAT , BWT 
EX E 

, W , D ,mMm, 


Tə . 


uw Mu uu mE C 


li 
од 


NS, 


= l : 


= —1 , БасК = 


main() 


int mode ; 

setdev( "HALOIBME, DEV") 
mode = 4 ; 
initgraphicsigmode) ; 


setuwuorld(&x1,&yl,zx2 ,%<&y2) ; 


68 


Opening() ; 
intro() ; 
13 ٦ ; 
changel() ; 
SIM ; 
change2í) ; 
Cloasegraphitesi ) ; 


Hinclude 
Hinclude 


float x1 
float 
int 
Lu 
PE 
THE 
"TE 
int 
int 
ani 
float 


float 
Float 
37 
int 1 ии 

177707 5 1617177 
int switsh 
float vxr-0.25,Vv1-0.070x2-T 70 70v7 — TORUNEE 
char s (20d: 
int border 


Opening( ) 
1 
Hat ex , ey | 
505 wW Pp , m ; 
int, 
ice pixels ; 


pixels = 13 ; 
setinwidth(apixels) ; 
setcolor(gred) : 

mex (axi,&yl.&x2,8y2Z); 
Ex = 50.0 ; 
cy = 49,0 ; ` 
movabs(&cx,&Cy) ; 
flood(&liblue) : 
h 228 3 
لہا‎ DER 
p O ; 
m O; 
settextí(&h,£w,£p,&m) ; 
settextclrigablue, 3black). ; 
cx = 40.0 ; 

cy = 44.5 ; 
movtcurabs(2cx,2cy) 
text( WELCOME") ; 

cx = 40.0 ; 

cy € 41.0 , 
movtcurabs(%cx,&cy) ; 
Bes TO THE”) : 

ee = 15.0, 

5 36,0 ; 
EeEtextclr(&black,&blacK) ; 
MOVLCUFAabSI(I KCX,XCYI ; ' 
text( "NAVAL POSTGRADUATE SCHOOL") ; 
تا‎ 3 3; 

settextí(&h,£&w,&p,&m) ; 
Settéxtelr(gred,sgblack) ; 
Ex “66.0 ; 

m 30.0”, 

1152 PE e(ZCX.8CY) ; 
Bext P ) ; 

cy = 25.0 : 
movtcurabs(&cx,&cy) ; 
best 5) : 

AA O с 

məvtcurabsi 3cCX.SC€Y) : 
BEE BE"); 

cy = 15.0 
MOVEEUKASES(ZCX.28Ccy) ; 
text{ m) ور‎ 
s TOTO; 


HoH dH Il 
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movtcurabsí(sex USE 
text (S m. 
h = 2 


settextí(&h,&w,&p,&m) ; 


settextclr(&vellow,&blacK) ; 


. 
9 


cx — 417077 
ee. 


moutcurabstsc sexy) s 
text( "NTERACTIVE") , 
Cys 293. 2, 

116٦-۲ )ک5 تک ۴ ت0‎ desi; 


text( IMULATION of an") 


Cy = 2072 
movtcurabs(3cx.3CY) , 
text( NGAGEMENT'') ; 
Gy 2 ٦٣ى‎ 
movteuraps( cx sey) 5 
Les 7707. 

cu = 1052 > 
movteurass( c ex ٦ 
text 225 


In 
W : 
settext(&h,&w,&p,&m) 


e 
1 


settextclr(&blacK,&blacK) ; 


CZ = OD i 
cy = 1,0 ; 
movtcurabs(&cx,&cy) ; 


text( Hit any Key to continue ) ; 


/0 


1 “ getch() ; 
setcolor(ablack) ; 
cil); l 
return : 


intro() 


{ 

müt CX , CV : 
075 5, P , m : 
2017: : 


int pixels : 


pixels = 13 ; 
setlinwidth(&pixels) S; 

; ( ۲۶۹ 8 ) ۴ہ [ہ s“‏ 

7 FCUCUCU 1 Avi 3xX2, درڑے یل‎ 

E. = 50, 0 : 

cy = 49,0 ; 
movabstsğsecx.s3ey) ; 
flood(&liblue) ; 

h = 3 ; w = 2 ; 

pee Os m= O ; 
settext(&h,&w,&p,&m) ; 
settextclrí(&blue,&blacK) ; 
55:::- 0 ; cv = 42.0 ; 
uu cusabs(scx.Xcv) ; 

ea (WENT RKODUCT ION" ): 

h= 1 ; Ww = 1 ; 
settextí3h,8w,2p,3m) ; 

5ت٥‎ ٤ن‎ ٤1٣ ) نام8‎ ۲۲۱1۱٣۶ , black ) 
си 114 Ü ; cy = 36,0 ; 
mowteurabsí(&cx,£&cv) ; 
text( "This program simulates a Combat Information Center in 
acmuon") ; 

E 10.0; cy = 34,0 , 
1:0۸9 یب )ا 0ات 31ا‎ vey)  ; 


Bext( in an Anti-Air operation . ANTESTGe tt flying- at a 
constant velocity") ; 

CUN 32.0 ; 

ulu Ccürabs(i£CX,.53€Y) ; 

text( "and at a fixed altitude is generated, The ship has for 
mission the") ; 

¿Pp = 30,0 ; 

mevuzurabsizcx.6€y) : 

2×۶ ۲) ''0 ١۱۱٦1٥٤۴ 17 of ns target and ultimately ES 
ceStrucilon 2"): 

Gy = 22,0 ; 

movtcurabs(3cx,6cy) , 

A MS FAGE WILL BE RESERVED POR A SHORT INTRODUCTION 
TO THE PROGRAM"); 

H = 1 ; 

ы = 1: 


settextí(&h,2w,2p,àm) ; 
етик (25black black) ; 
cx = 70,0 : 


1 


ey = 1 ٤ 
movtcurabs sex sev 
text( "Hit any Key .to continue") ; 


1 = ب‎ ه٥‎ ۶۶۶ me 
setcolor (&black) ; 
cır? 

return , 
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Tiputt(.) 
í 
Bir €“pointer1 : 


setviewportia3avxi ,gvyi,2vx2,avy2, border, gback) ; 
pixels = 13 ; 

setinwidth(apixels) ; 
setcolor(3zred) : 

2 ::3x1,3Yİ1.2X2.8Y2): 

cow 20.0 ; 

En -“ 49.0 : 
movabs(&cx,&cy) : 
flood(zxliblue) : 
setxor(aswitsh) j 

PASS es W = 2 ; 

EEG m = 0 : 
settext(&h,&w,&p,&m) ; 
settextclr(&green,&black) _; 
2557008 ; cy = 45.0 : 
movtcurabs(&cx,&cy) ; 

pco TNEPUT MODULE") `; 
settextcirizred,ablack) ; 

he Z şu € 1, 
Serrwext(sh,8w,ap,am) : 

265... Ü = cy = 40.0 ; 
moytcurabs(acx,é&cy) ; 

text( "SEARCH RADAR PARAMETERS") ; 
Settextclrí(&purple,&blacK) ; 

2. — Ü , EY = 32,0 ; 
movtcurabs(&cx,&cy) ; 

text("For the explanations of these parameters please “); 


cy = 32.0 ; 

moytcurabsí&cx,&cy) ; 

texti refer to the manual . ") ; 

hi. 3 

Settextí(&h,&w,&p,&m) ; 

ux 5 .-cv = 23.0 : 

movtcurabs(&cx,&cy) ; 

text("a.PJ = 50157” 


eye = 21.0 : 

müəucirsoszcx.£2€y) : 

text("b.RT = 1556596 s 
ey = I9 0 ; 

movytcurabs(&cx,&cVv) ; 


berti c BAZ = məl: 
ey = 17,0 ; 

movtcurabs(£&cx,&cv) ; 

text da GJJ = AL EL. (=) 
757190 ; 


MOVLEUFABSI SEX, 2Cy) oo: 


13 


texto c = O EAS oT 
eye VSG 

movtcurabs(&cx,&cy) ; 

texti CT BEL = DP: Ake = “Oe 
cy = TITO ; 

movtcurabs(&cx,&cy) 

bep UE = q. ST = Ји: 
cy = 9,0 ; 

moytcurabs (80x , FENN 

text( "h. AZRP = t. HM — - 
ce /.0 ə. 

MOVLTCUFADSI(IZEX sey) s 

textí"i, PONER = S.BN = ") 
Ceca o SE Å 
movtcurabst(acx ٦٣ 

text("3,FAN = EIA 2200 
Ox Ig 05 cV o MO 
movtcurabs(&cx,&Ccy) ; 

text xr: 

pointeri = fopeni( search. df l", ) 
fscanf(pointer]1 СЕ 677779 7 7: 
SE SE 9 ٤ 

25 
8PRF,SAA,3T,2RT,SEA,3FF, SPL,2BL,3BN,3ST, 8NE, EPONEFE SZ 060 
&FAN,&PJ,&GJJ,&JR ) ; 

SPOPINtE LS, Ma pi J ни. 

ах 2140 5 ey == i 7 

MOVEEUFABS1I SEX, SEYI ; 


од = 
th 
oP 
bn 
од 
th 
02 
th 
ov 
th 
oe 
th 
on 
۲ 
oO 
m 
oc 
th 


text(s) ; 

sprintf(s , “sf 4. eee) 
cx = 630 ; 

۲117 07۳355 )٣ئ‎ 7 
textí(s) ;. 
sprinttt6£ 4077 ک‎ 


ex = 2 100 e= 2 MEME 
inovtcurabs sex cw n 


textís) ; z 
5>! ۶377 ۲۷ xt DE 

ex "bo UN 

MOV TEUFABSI Ex tem E 

textis) ; 

SOPrintf£(s..,. 2f" , BW e. 


ex = 21 O Er 1 7 
movtcurabsí(Z£ox,&cv) ; 
textís) ; 

sprintt(s sr s h 
Cy SUS 
movtcurabs( ex ٣ 
text(s) ; 

Sprintf£(Ss SWE go ہک‎ 
cy = 21 ORTEC ON 
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movtcurabs(&cx,&cv) ; 


FO T (S) j 

Spaces , "Sft" , BL ) ; 
a 60,0 ; 
movtreurabsi(i3ex, Xcy) ; 
textís) ; 

BERKAS , SE" , T ) ; 


2775- ).0 + cy 15,0 ; 
movtcurabs(&cx,&cy) ; 


textí(s) 

= Jn (s , SË , EA ); 
2 - e5.0 , 
mevtcurabs£Ccx.6CY) , 
text(s) ; 

250055 , 1: , BEL ) ; 


x 17 - cv - 13,0 ; 
movtcurabs(&cx,&cy) ; 


Bextts) ; 

strinisis , $t , AA ) , 
2 66.0 ; 
mevteurabsíi&cx,&cy) ; 
Fextís) : 

2z050066(c , Sf" , JB ) ; 


25. 1: 0 : cy = 11.0 ; 
22 “cürabs(sex.sey) : 


E- ts) : 

“560 ; "SE" , ST ) 3 
2 65.0 , 
movteaurabsi(gex,gey) ; 
Eextis) : 

EBEINBE(S | “SE . AZR ) ; 


25:77:10 = 9.0 ; 
MOV Ceu raD DS( ZCX, €Yy): 


texts) : 

Spier Se SE | FRE ) ; 
ex = 65.0 ; 
movtcurabs(&cx,&cy) ; 
textís) ; 

Spare ہت‎ se , PONER ) :; 


2590871712) Cy = 7.0 ; 
mMoVtCCüraDSi ZCX. 8&CYy) ; 


textís) ; 

SPGimuees S "Srt" , BW ) ; 
e GSO 
۲۲8۷٣۰۰٠٦۲۹٢5 ر وع برتع)‎ ; 

textis) ; 

mem Sr" , FAN ) ; 


606 : ey - 5.0 ; 
mov udinapsisecx.s6cy) : 
text(s) ; 

Sprint i, FE ) 3; 
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сис 60707: 
moytcurabs(8&cx,8&cy) 
۲868 ؾ‎ ٦ 

return : 


changelt`) 

i 

IHC | 

; ے67 1ة 0> EILE‏ 

static char filename[13] ; 


h = 2 ; w = 1 ; 

p = 0 ; m — 0, 

settextí(&h,&w,&p,àm) ; 

EDU c cy = 29.0 3 

Hə izcurasi£CX.8CY) 

textf "Aculd you like to change any of these values 2? €Y/N2 
B. | Å 

BEI: Cy. = 29.0 ; 

moytcurabs(&cx,&Ccy) ; 

2 —eteh() : 


J£ ( 1 == Pn” ) 
text: NO") 
tu == ”y” ) 


$ 


texti' Yes") , 

while (i == 'y' ) 

1 

hd 5 
settext(&h,&aw,é&p,&m) ; 

23 cgetchÜ).,: 

SUE EChR(C) 

í 
case ‘a’: 
CS ںی ات‎ Cy = 23.0 ; 
movtcurabs(&ox,&cy) ; 
Sree ts ` Sf PE ) ; 
text(s) ; 
MOVEEUrAaAbS(3CX, Sey) ; 
nter" , aPJ ) ; 
SINES., si , PJ ) ; 
text(=s) : 
breaK , 
Case bD > 
EY = 21.0 ; 
mMovtcuüurabs(2cx,&cy) ; 


ES Xt , KI 2 ; 
text( sy) i 

MOV ECHIESOS(ZEX,ZJEY) ; 

Ff" , ЗАТ ) :‏ ہد کہ 


sulunuzr(s, SÉ”. KI ) ; 
text(s) ; 

break ; 

Case 'c' : 

GEAR 0 ”: ey = 19.0 ; 
MOVREHFabsi8eEex,2cCy) ; 
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` 18 


) 


sporini sS 
text(s) ; 


0766ٔ ۹٣٦ 


scant ("$f 


ин‏ ۷ح )6 ت7 کت 


. 
1 


textis) 
break ; 
Case 'd' 
ex = 21.0 


MOUTEUFIBSI( SEX, SEY VA 


sporirii? s 
text(s) ; 


1197۶۴ 2 ۴۹52٣ Ји, 


scanf zf 


sprint s s 


EE eee 
РЕА TIE 
BAZ) ; 

EV SID 
a Göl 
2066001017: 
ا‎ God) s 
1550 


ə. 


text(s) 
breaK , 
case 'e' 


cx = 21.0 ; cy = 
MOVIEUFABS (YE. SEVI 


5 


erra b e 
text(s) ; 


movtcurabs(&cx,RCVvV) ; 


scanf SE 
sprintf(s 
text(s) 
break , 
Case 'f' 
ex = 21 Ü 


moytcurabs(&cx,&cv) ; 


sprintfís 
text(s) , 


moytcurabs(&cx,&cy) ; 


scant ("Sf 


spDrynttis." SE =, 


textís) 
break ; 
Case 'g 
Ox 20 


4 


MOVTCUFABSISEX sex 7 


56۲(0 
textis) `: 


۲1۹٠۷ ٠٢٣ ت١ز ح۴‎ 7> ee 7٠٣ 


1 


` 
1 


scanf ("3f 
seri r Os 
texts) 
break ; 
case 'h' 
Gres 41 16 


movtcurabs(ğcx.3 


oT 
2572065755 
: Cy = 13.0 
FE BEL 
© - 2 2 ٣٦ 
5:77 
؛‎ +974۶۰ ٗ ی٦‎ 
— JR 
3 ZIR ) : 
Bor SM ) 
167 7707 
e 


ə 
AZR 


, "88 14 


Series 


text(s) ; 
movtcurabs(&cx,&cy) ; 
Em SF" بے‎ ZAZR ) ; 

“BE ins, ҸЕ", АЛВ ) ; 
text(s) : 

break ; 

Case 'i' 

SS 21,0 3; ev = 7.0 ; 
MEUECHUFAabSIZCX, 3Cy) : 
ommIntt(s , SE" , POWER ) ; 
textís) ; 

morr eurabs (Aex, 8&cCy) ; 
Seame( SÉ" , &PONER ) :; 
cm NCL(s." EF". PONER ) ; 
text(s) ; 

break ; 

Case 'j' : 

271-0 : cy = 5.0 ; 
movtcurabs(&cx,&cy) ; 
2580800555 , Sf FAN )-; 
ore | 5 
MavECUFabsi(SCX,2cy) ; 


255615) KE , FAN ) ; 
SANI Ss, 52", FAN ) ; 
testis) ; 

break ; 

case 'k' 


mü o 0 ; cy = 23,0 ; 
movtcurabs(&ox,&ocy) ; 
Spmantit(s , "SEF" , NF ) ; 
sis) $ 
movtcurabs(&cx,&cy) ; 
scanf('Sf" , &NF ) ; 
Sigeanet (S;, $t , NF ) و‎ 
textís) 

break ; 

case ']l' : 

65.0 |; cy = 21.0 ; 
Mevreulraos(&cx,2cy) ; 
5277175755 Er”, FL ) ; 
textis) : 

MOV LCEHIassi SEX, 4cy) ; 
Soc Fr" L.- &PL ) , 
comme SC SF, PL ) ; 
text(s) ; 

break ; 

case 'm' : 

2125510 cov - 19.0 : 
Hnewurenrabs(xcox,Rkcy) ; 
25:5:557c6 UST" , NS ) 
betes): 


7 


movyteupabsoscxc sex) ; 
scant( 2E 7115200” 
sporintEts. 507701 i; 
text(s) : 

break ; 

case 'n' : 

On = 03. 0- ey = On 
۴تص۲:6 86ہ‎ 35-2). 

Sprint (Soe wer 1 ДА. 
textos): 

MUY EC Urra DS LS ocv) 


Sani fe, EBEN 

: 9 ۹۹ ت )۶۰ 77۰77 تک 
text(s) :‏ 

break ; 

case 'o' 


COR SDS On CV 100 
movtcurabs(&cx,&cy) ; 
sSprimnmbtf(s y E TIER J; 
text (Soe 

(oU Focus e cS CUN) 
scan£t 52" , GERI 
Sprint 7715772757) 1: 
text(s) : 

break ; 

case m t 

CON se s O umay =a Си, 
movtcurabs(&ox,&cy) ; 
sprintf(s ,"Sf" , AA ) ; 
text(s) , 
movtcurabs(&cx,&cy) ; 
scanf (“S£" , &AA ) ; 
sprintf(s,"”%f", AA ) ; 
text(s) ; 

break ; 

case 'q' : 

xs =o“ cy = aoe 
movtcurabs(&cx,&cy) ; 
serin. sub 000077 
Lextis ; 
movtcurabs(4cx,8cy) ; 
әти ик 9 ٦ 

Coa:‏ ۶۰۰۲۱۷۰۴۰۶۰۰ وأ کے 

0 ٦ : 

break ; 

case 'r' 

A A IUE 
möv tcuraopostzex.2e€y 32 
SpPrintE(S EI uu ERE: 
tests) 

MOV EG) cies ae Cry smn, 


80 


sen: st , &PRF) : 
SNES., Sf", PRF) ; 
text(s) j 

break ; 

ease uw. : 

225: 0 ey = 7,0 4 
mevuecurabs(3cx.3cy) : 
5751055606 sE k PH ) 
text(s) ; 
movtcurabsi(Xcx,4cy) ; 
Seoni sr" , &BM ) ; 
Sopas) ZE , BW ) ; 
ت۲٢)‎ ) 

break ; 

case 't'  : 

275-709 € - 6.0 ; 
mov teurabs(2cx,&cy) ; 


PEGS , SE . FF ) ; 
Ext is) i 
MEKEEHCACSI(I Cx, 20y ): ; 
Sear. sf i. ⁄ &FF ) 
SPRING Ss, ZE”, PP)... 
Ext (s) ; 

preak 

Case 'x' 


h = 2 ; w = 1 ; 
settext(&h,&w,&p,&m) ; 
ex 83.0 ; cy = 29,0 ; 
19۷ ۲٦١ت (7ہ8, ×× ففْرحط ذ۴‎ j; 
text("Yes") , 
G جح‎ - 00) cv = 298.0 ; 
movtcurabs(&ox,&cv) ; 
text( "Would you like to change any of these values ? €Y/N? `) 
movteurabs(&ox.,4cVv) i; 
ponam En NES? TO SAVE YOUR DATA YOU JUST ENTERED =") ; 
Jo = Geten(). ; 
Pre jl -- vá 
i 
MOV EGUTAOS(SEX CCV ; 
text("DO YOU WISH TO SAVE YOUR DATA YOU JUST ENTERED ?"} 
jis Pr SDS (ZC X Cy) ; 
text( "WHAT IS YOUR DATA FILENAME ? <filename.ext> ") 


ecanfí"%s", filename) ; 
textifilename) ; 
Bounter; = Ffopen(filename , "N : 


". 
fu 2:515£5(co60inter2, SE SE Sf SÉ SE SE 
DE SÍ E SE", 

PRF,AA,T,RT,EA,FF,PL,BL,BWN,ST,NF,POWNEF, AZR,NS, BAZ, BEL, FAN, PI,GJJ, JR) 


BO LE 


од 
Qi 


RE SÉ SE EE 


av 
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3 


} 

; 
n = ee 
settext(&£h,&w,&£€p,£&m) ; 
cx = 60.0 ; 
ey ےیے۔“>‎ 7 


settexvtelri evel eu Ла КИ 
movtcurabs(&cx,acy) ; 

text( "Hit any key to continue") 
1 = 3etch() ; 

setcolor gblac m; 

i = getch 12) ; 

Sl: 

return ; 
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InDput2[() 
i 
EILE *xpoxrnter3 —: 


scmueuwport(suUxi,2vyYT1&2vxX2,&vv2,&border,&£&bacK) ; 
pixels = 13 ; 

setlnwidth(3pixels) ; 
setcolor(3red) : 
MƏZİSXİ.SYİ.2XZ.8YZ2): 

0 - 50.0 ; 

cy = 49.0 ; 

movabsi£ox,&cv) ; 
flood(&liblue) j 
setxor(gswitsh`) ; 

i= ses = 2 ; 

pom s f) :; 
settext(&h,&w,&p,&m) ; 
settextcir(&green,&black) ; 

OO : ey — 45.0 , 
msecurabs(£CX.3C/V) ; 

text( “INPUT MODULE") ; 

— -. -c ri(tblue,sblacK) ; 

Ecc cw - 1 ; 
settext(&h,&8w,&p,&m) ; 

72:00. cy = 40.0 ; 
movtcurabs(&cx,&cy) ; 

text( "TRACKING RADAR PARAMETERS") ; 
SEL textcirispurple,&black) ; 

eee SO Oy = 35.0 : 
Hevtenurabs(&cx.£cv) ; 

text( "For the explanations of these parameters please "), 
cy = 32,0 ; 

movteurabs(s&cx,4cv) ; 

text( "refer to the manual. ") ; 


nes : 

settext(£&h,&w,&p,&m) ; 

27. 5 0): ey = 23.0: 

MOU EKCUFabs(Xcx, sey) ; 

52 tt” a. BAT = dg cM: 
Ev =.Z2ZI 0 ; 

1007571508 (2€X.8€7) ; 

Hertt Oo, TAZ = 5 ۲ ٣ 
cy = 19,0 ; 

movecwrabs(zcex,3cy) ; 

text('e, GLI = IPLI uU 
Cy 70 i 

۲19۷۳۲۶۷91175356 (zx. 8CVy) | 

text("d,TBEL = J GAT = aT 
cy = 1353.0 ; 
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= 
0 
= 
H 
T 


Hj 

"r) 

rj 
1 


Æ 
ef `` `: 


a LAZ BEL ) 


. 
3 
3 
1 


"track df] " 
xf SE 


| Sf" , BMT): 


movtcurabstsxex se o m 
text € STT z 

cy ۶ء‎ +٦) : 
movtcurabs(gcx,4cy) ; 
text( f. POWIF = 

Cy] =) a. 
moyteumsbsisex 777٦ 
EEX CE SEIT 
pointer3 = fopeni 
pı 
,SAAT,ZEAI,SBAN 2С5Г, 


p i GITTI SOLT PLT 1111 


sprint 07070 7262007”: 
cx cı o ee € 230 € 
movtcurabs(&cx,<cv) ; 


text(s) ; 

spriner:is o, ۹9 ۹۹٣ 
сир Од: 
móvteurabs (cx s ev m 
textis) ; 


SPLINES TECA a TAZA 
cx 21000 a VEN eO Ee 
MOVEÉEUFAaAESI SEX ZEV TA 


textís) ; 

“SE «W... NEN)‏ 92ط ۳۲ ے 
r‏ 26ء CX‏ 
moytcurab=st62cx CVT.‏ 
text(s) ;‏ 


sprintf (s n Zi yo GE 
EX NS LO Wey E cju ДИ, 
movtcurabs(&cx,&cy) ; 


text(s) : 

sprin fls T +871 
EX = 65.0 ; 
inovteumuss sov. 5c : 
texts) ; 


٣۶۰۹ >١ 86‏ ۴۰ ۶ط کے 
ES‏ 17 ۹ 2۹216+ رت 
movtcurabs(&cx,&cy) ;‏ 
7٦‏ 6 
sprintfís‏ 
CNS ESOT‏ 
Петер ани әти SOV)‏ 
meni.‏ 

Sprint: sS "2h EM 
EXP LAI Y LOG 
MOUVEEHCADSCLSEX, SEA 
text(s) Å 
SPrintE'1S 
Cy T= 5507 
MOVICEUKADSI( SEX 6€7) 


s AR 
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. 
3 


TEXTOS); 


Serine£(€ , Sf" , PONT) 
8, cy = 13,0 ; 
movtcurabsi&ox,£&cv) ; 
poss) ; 

sununtis , SI G PFI) 
v 55.0 3 
meswpenrabs(xox.scv) : 
textis) ; 

return : 


v 


b 


change2() 

i 

int 2622 

static char filename[13] ; 
FILE”*pointreras 


l mn 


US GEG 
T 
(D GOOF N 


ettext(izh,gw,ap,3m) ; 
60: €” €. 
movVtcurabst230cx ev) ; 
text("Would you like to change any of these values ? «Y/N» 
ex ETS. O 53 cv = 7٦ 
moytcurabs(&cx,&cy) ; 
1 = getch() ; 


132 7) 
EEE NG) : 
if (í i == 'y' ) 


$ 


texts res A 
while (i == yn) 
{ 
hp d ME 
settextí(&h,&w,&p,&m) ; 
c = getch() ; 
Switch(c) 
1 
case 'a' : 
Sanz, © cy — ٦ 
movtcurabs(&cx,&cy) ; 
sprint fl su, “SfE ЕА Та, 
text(s) ; 
moytcurabs(&ox,&&cy) ; 
scant(  %f£f” , &EAT) ; 
sprintf(s, 8 , EATON 
text(s) ; 
break ; 
case 'b' : 
EI EMAIL UO ما‎ ت٣2‎ Ни 
movtcurabs(&cx,acy) 
a A 
tek: 
MOVECUFADS( ZEX ZEOVA 


Second nu crt EIR 
SPIN S, ef 1£22 0 
textís) 

break ; 

case ‘ca’ 
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25—515: су - 13.0 
mevtcurabs(&cxwecy) ; 
SBR s “3” GLT 
texts) ; 
movtcurabs(gcx,82cy) ; 
5505 sf RC LT ) 3 
رض )۰30.6 ت5‎ st . GLT) 
textís) ; 

break ; 

сысе 4 : 
SON: Cy = 17.0 
movtcurabs(3 cx.8cy) 


F , ST" . TBEL)‏ ہ‫ کت 


textis) ; 
MOVEGCUFabs(gcx,4cy) ; 
.تحت‎ STBEL) ; 
serintef(s,”x£”, TBEL) 
textís) ; 

break ; 

case 'e' 
287..1.20 , cv = 
moYECUrabsi2cx, 3 ; 
BEIN Ef (5-4 kE (511) 
textís) 
Hevteurabs( 20x,&YyY) : 
sosnt(i “SÉ ASTI 
Spaces Se soll) 3 
textís) : 

breaK , 

case 'f' : 

EE Zin; cy = 13,0 
mnovtcurabs(ixeox,4CcYy) | 
SPIELEN S ef .PONT 
text(s) ; 
movtcurabs( cx, cv) ; 
sern: € , GEOHL) : 
Sepia reis xr". POWT) 
text(s) ; 

break ; 

Case 'g' : 

Ev ESO , cy = 
015176510۴۹ دہع ) 5ط‎ LO 
Sois 5 ZE” 
pestis) 3; 

ue cce rabsiízcox,R&cCy) n; 
pecu t. &CST ) 3 
MAES, Zi COLI ) 
"tO rtis) : 

break ; 

Case 'h' : 
82——.:5:: Ey = 21. О 


moytcurabs(£&cx,&cv) : 


sprinti (S e e ии ии. 
text(s) , 

mov tciurabsi2€x SEY s 
SCONE TEE ə” 
sori cr (=< 11510 D OE 
textí(s) ; 

preak 

case 'i' : 

xu Rode cus 
mOVcuru5bs 6€“€Y) 
servir ti (Sm ELI") o: 


textís) ; 
۲1:917 یی )09 ھ11‎ Ss 


Sr IUE‏ 2 کے 
pr ru‏ ح27 sprint‏ 
text(s) :‏ 

break , 

case 'j' 


ex — 0۰+4٣ 
тотал ә cU 


۲۶٢۰۰۰ 0077661‏ ۶۰۳۶ م تک 
text s) =‏ 
movtcurabs( se RCY):‏ 
scanf ( 26:57”, QAZİ:‏ 
sprintfí(=, SÉ TEATS‏ 
text(s) ;‏ 

break ; 

case “K” 


EX OO O tey 0 
movtcurabs(&cx,&cy) ; 
SOPIMEE(S.., “SE NEN : 
660 ; 
möevisuünrapsozex ey?” 

۹۳ھ ۶ ۴۰۷۷۱١۰۰‏ ۲ ےہ کے 

sprone MS. ۷۳ 
texti5 n; 

obreaK , 

case 'l' : 

CxS COO TEY SLOT 
moytcurabs( 20x; 801) = 
spro “$£ d ۷۷۷٦ 
text(=) ; 
MOVLEUFAaDSI ZEX , SELA 


scant í sf , RENIN, 
SO Gia Sis SE ء۶٦‎ 
text(s) i 

break ; 

case K 


İn uo I 
settextí(ah,$w,&p,àm) ; 
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r O20 ; ey = 8.0 : 
MOUtEUTAabsi TEX , 84cy) , 
e WOR OU NISH TO SAVE YOUR DATA YOU JUST ENTERED ?") ; 
1 = getch() ; 
if (i == 'y') 
i 
ONE ب٢ 5طز ہ۴‎ ٢۹۹ ۴ت‎ >۰ 
pee YOUSWISH@ TO SAVE YOUR BATA YOU JUST ENTERED 77) 
MAT ESHFabs( sex, Sey) : 
text( "NHAT IS YOUR DATA FILENAME ? «filename,ext? ") 


scanf("9$s'", filename) ; 
textifilgname) | 1 
pointer4 = fopen(filename da 
5::05:£E(pOinter4: "tf sE RE SE GE Ы ии 21 ә ٤٢۶ xf 


SE",AAT.EAT,BNT, 
2:27577 PISSGET,BLT,SII.NPI,TAZ,TBEL); 


} 
Han o. 
; 
; 
1 
mi: 
porrser(osh,&w,&p.&m) ; 
ex = 60,0 ; 
ey = 1.0 : 


settextclr(&vellow,£blacK) ; 
movtcurabs(&cx,&cvy) ; 
text( "Hit any Key to continue”) ; 


i - getch() ; 
setcolor(&black) ; 
2760): 

return ; 


89 


Q Q 


Hinclude stdion 
#include "math.h" 


float 5e 
float» s 

float. vit 00955599 7 0,0 ia. 11 7 
float vel = 0.0 3 v2 ع‎ О , 723 = 0.635 NUM 
float max. range , lrange , mrange , srange 
Float dlrange, dmrange, dsrange ; 

float cn e: 

int back = -1 , border = -1 ; 

Int nh 81:7 

int switsh 


0۷۵0 
1007: 
OF 


© 

KC 

N 

H Il 
Ə ps 


II 
— 


inte black 
int dblue 
int green 
int lblue 
int red 
int purple 
int brown 
int gray 
int ۰3877 
int blue 
int lgreen 
int vlblue 
int pink 
int lpurple 
int vellow 
int white 


l H W I 


K 1 II 


i 
WOON AUN b O) N = O 


l H H 
= pa 
x 


Wo H Il 
fè 
Нә 


float RCPA , RB ; 
float 11٤ 
ft 1 68 > 


float xt, yt , as ; /* initial position tot the tar dear 


6 6 8 ۳٢ : /* constant altitude of the target */ 
float U , at , /€ velocity and course of target A 
Float R E ; /* distance between Ship anrd c / 


maint ) 
$ 


< 


int mode 


setdevi "HALOIBME, DEV"') و‎ 
mode = 4 
initgraphics(amode) ; 
setuorld0s 172145 2 ик. 
CPA E 

İuouE E 

Opening() ; 

|n pom E 
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— 


draw() ; 
detect() : 
closegraphics() 


TAPIA 
t 


printf( "Nn PLEASE ENTER THE MAXIMUM RANGE DETECTION NOR 

scantf( TE 7 &max_range ) ; 

printf("Nn PLEASE ENTER THE LONG , MEDIUM AND SHORT RANGE 
DISTANCES Aan; 

scanf('"SfZf9f" , &lrange , &mrange , &Srange ) | 

dirange = 45,0 € 1range / max range ; 

dmrange = 45.0 *w mrange / max range : 

dsrange = 45.0 € srange / max range ; 

setcolorí(&black) 

zim: 

return; 


* 
3 
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Opening( ) 
1 


Feat br by; 

21577: 

, ےج اہ مہ 

float radius ; 

Float aspect =. 0.865 :; 


pixels = 13 ; 
ک٥1‎ ta chi gpiyels) : 
setcoloríared) : 
7 12۶1 OAT ESAD FF 
5۲٣٢٢ 0ہ‎ 0۳)8۷۶11,.8۷1 2,4313 , 8۷14۰ 2505. ; 
setxor(&switsh) ; 
Bixeis = 1 | 
setinwidth(&pixels) ; 
—— munus cy - 0.0 ; 
movabs(&cx,&cy) ; 


20 = 100.0 :; 
inaebs(Zex.3€eY) : 
ex = 350.0 ; 
ay = 98,0 ; 


movabs(&ox,&ocy) ; 
flood(siblue) 

Se Tovport(2021.6VZ22Z., 8923, EVZA, EDOKAET ,EDack. ). s 
setxor(&switsh) : 
Ex — 09860” cy € 49.0 ; 
Dea ol. 0 ov = 51.0 ; 
م۷٢٢٥‎ 2,۰267 ×ط‎ &DY ) : 
setcolor(&yellow) ; 
xc ey = 50.0 ; 
movabs(&cx,&cy) ; 
cx = 99,0 ; 
inabs(fzex.s5ey) : 
g0—:0000 cy = 98,5 ; 
movabs(&cx,&cy) ; 


ey ST 
Inabs(&cx,&cy) ; 
ey OE s 


5205004007”) 
i 

cx = 49.5 ; 
сс о О, 
mesas OX Ov) ; 
م؟‎ 30.9 ; 

lnabs(&cx,&cy) ; 
+ 
000 s 
AAA O LLO) 


< 


ES 


Cx = cx 50007 


cy = 49.5 ; 
movabst tex cM 
cy = 50,5 ; 
inabs (acr Roy); 
+ 


setcolor(&g9reen) ; 

qo acum E s a 
movabs(gex,sey) ; 
setaspí(&aspect) ; 
radius - 45,0 ; 
cirisracdaus) 5 
setcolor(&dblue) ; 
movabs(&cx,&cy) ; 
cir(3dirange) ; 
movabs(&cx,&cy) ; 
Cir(&dmrange) ; 
movabs(&cx,&cy) ; 
cir(&dsrange) ; 

h= 1 ;ws 1 ; 

m= OY ди: 
settext(&h,&w,&p,&am) ; 
settextcir(&green,&black) ; 
Cx 289.0 5 EY ٣٣٦ 
помесатар- Аси ۶ 
textU UR ae. 

cx = 50,0 + dirange ; 
cy = 51.0 ; 
movtcurabs(&cx,&cy) ; 
text GR.) =: 

cx = 50,0 + dmrange ; 
movtcurabs(&cx,&cy) ; 
text( MR ) 5 

cx = 50.0 + dsrange ; 
movtceurabs(gecx,2cy) ; 
texte Sm) = 


setviewport(&vi11,&v12,&v13,8&v14,&border,&bacKk) ; 
setxor(&switsh) ; 
Setco on: Sonne 
Cx = OF Um cv € 70707 
müvabsi.3c€Y) ) 


cx = UD 

! 573 ےط‎ 136۷٠٣ 
ey = 40 
movapsisex.se7”: 
x. 


Inabs 6 esc E 
h - 10705: 
p=0;m = 0; 
settext(&h,&w,&p.8m) ; 


94 ` 


۲٢2۰٢۰۰٠۳٠٦ ) 51۹۲۴6۵6۳۰ So ack ji‏ جج 


. 
1 


پک 


MHZ `) `; 


O 


` 
3 


xi 


PM 
3 


207 


cx = 40.0 ; cy = 95, 


məevucurans(£ex.sey) 
text( "RADAR”) , 
27-60 ; ey = 67 
movtcurabs(&cx, &cyv ) 
Kox: MISSILES") :; 
121—225 0-5 cv s 37 
Mavereurabs(zgex, sey ) 
text( "TARGET") , 


settextclr(&darav,&blacEk) 


0 


стил иј сизи = 90, 
09۰۰۰۲ دیج ریخ )ےجرہے‎ 


text( "Search Radar active" 
657505 00 cy = 84.0 


settextclr(gpink, gblack ) 


. 
1 


D 


moytcurabsí&cox,&cy) 
text( "Frequency 

cy = 60.0 ; 
moyteurabs(&cx,&cy) 
text( "Max detec :") 


STE UO STS ocv = 72. 


movtcurabs(ë&cx,&cy) 


settextclrí(&gray,&black) 


- 
4 
. 
1 


text(" NO CONTACT 


cu S 0c. Gy = 63.0 


movtcurabs(&cx,&cy) 


settextclr(&pink,&black) 


DIS AS 


95 


text(" RANGE 


m 5.0 ey = 58.0 


movtcurabs(&cx,&cy ) 
text( Long :”) : 
cy € 54.0 , 
mevteurabs(£&ox,&cy) 
text( "Medium:") , 
ет 50.0 ; 
movtcurabs(%cx,&cy) 
E- 5 Short :°) ; 


cy = 32,0 ; 

1205777 57 
66 10 20: 
6850 ; 
movtcurabs(2cx,8cy) 
te wp ` DNO 4 
ss ED :; 
moytcurabs(&cx,&cy ) 
text(" c 1 
SUS 25.0 , 
movtcurabsigcx ,8cy ) 
tee" £ 25): 
g:0.0 : 
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moyvtcuirabs( Sex acy) 
text( "RANGE :") ; 
CV €“ 17765: 
movtcurabs ( £cx ; Sey ) 
text = جا‎ 


cy = 14,0 ; 
movtcurabs(scx, асу) 
text(" A D 

ee‏ )119 لوس 
movtcurabs(&ocx, &cy )‏ 
text(' Y 515‏ 
cy = 8.0 ;‏ 


movtcurabs(3cx,.3cy ر‎ 
text( "Speed :") ; 
Gy = 5.0 ; 
movtcurabs(&ox, £cy) 
text('ColUrse:") ; 
return ; 


12520) 
1 
1155056 £req - 15.5679 ; 
int sqty = 16 , maty = 8 , laty = 8 ; 
mE Ll : i 
Static char s[14] ; 


setviewport(3vii,zvi2,Xvi3,svi4,skorder, zback ); 

setxor(g&suwitsh) ; 
settextclrí&gray,&black) | 
£ 42 C : ey — 94.0, 
MOVECUTrabs( 3cCX.Xcy) : 
SBF, Sf , treg) ; 
texts) 3 

cy = 80.0 ; 
movtcurabs(&ox,&cv) ; 
sprintf(s,"%f" ,max_range) ; 
text(s) S; 

29-0 3 Cy e 58,0. ; 
meuvreurabsí(&cx,icv) ; 
Sorwmeris, sf slrange) : 
texts) | 

0— 6o.0 ; 
mevucurabs(sex.sey) ; 
sprints, Sa laty) ; 
mestis) -: | 

cs = 80,0 ; 
movtcurabs(&cx,&cy) ; 
text("Ready") , 

c -0 2 sey = 34.0 ; 
meh oursos tacx,&cy) | 
sprintfí(s,"ZSf'",mrangde) S; 
text(s) : 

ex 59.0 ; 
MOowEenrabs(&cx,&acy) ; 
“500660. 2d maty) ; 
text(s) ; 

cx =: 60.0 : 
movtcurabs(&cx,&cy) : 
text("Readv") ; 

cu  :;: ey = 50.0 :; 
mecccmpsbs(£cx,Xcv) | 
səzsintf0s: 3£” srange) : 
Betis) 3 

cx = 65.0 ; 
movtcurabsí(&cx,&cVy) ; 
“Eu Le (S USdU Sqty) ; 
textís) ; 

cx = 60.0 ; 

movtcurabs( ex.acy) i 
£57 Ecady ) , 


Sy 


settextclrigdgray, ablack ) 
cx EHE) ; 

Gy "es 0 ; 
mövrouraeEes ECE ae. 
text( Hit any Key toe continue = 
1 = getch() ; 
return ; 
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CHO) 


i 

Mica  /€ initial position of the ship x / 
Heat YS, aS ; /* velocity and course of the ship */ 
float A ; /* angle between horizontal and R ۶7 
2517771 ) define Ship s velocity vector x / 
at ME, Y ; ,yx detine target's velocity vector میں‎ 
21065, y MEN EE rage Bb ss relative velocity vect. x/ 
ء طط‎ 0 ; /* angle of x-y vector x / 
>9 ; /* angle between R and x-y vector */ 
5. ۸5 VT CPA in A-Y plan سے‎ 
must BET EC ; 


Ə” 717. EE INPUT X, Y AND Z POSITICN OF THE TARGET 
Bo x 


scanf ( "Sf %f£ %$f , E VI. 8 8 9 ٤ 
printfí('"Nn PLEASE ENTER ITS SPEED AND COURSE : ") ; 


SEEN SE St, EU, &at) ; 


2۰۰۰۱66 ہہ‎ INPUT X AND Y POSITION OF THE SHIP : ") 


25: SEE", 2xS, YS) ; 
pau tcn PLEASE ENTER ITS SPEED AND COURSE : ") ; 
2652505) SESI ,„ SUS, €as); 


EU ےھ‎ PT 0۵8 ; 

== as * Pi. / 180,0 : 

PS ::  x-xt)”(ys-yt)m(ys-yt) , 0.5) ; 

26600 775-7s):(Xt-xs)) ; 

= US * cosí(as) ; 

vs € sin(as) ; 

= U x cos(at) : 

ia ına) ; 

кии 909900001 ; /* to avoid division by zero */ 
IZ ; 

atan2í(v,x) ; 

A — B ; 

37 (4Ü7VVV“9 € —1.5/0/79 ) 


x m tg 
a 
II ll 


x < AN 
N N və 
۱ 


it I U H I‏ ہم 


(Су tg N‏ تر ہہ 
Hh‏ 


return : 


Ë = R * sin(C) : 
HE رح‎ CFA CPA)+(zt * zt), 0.5 ) 
AR = Pie ai R 3 


mo c ۲٣۷7/2 = C 
BB = AA — CC ; 
E 0076 = sin( BB) + xs ; 
135. . CosS( BS) + ys ; 


RB = B + PI ; 
return 
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drawt ) 
i 
float dw d 


setyiewportí(&u21,8v22,8v23,&v24,&border,&àback) ; 
setxor(&switsh) ; 

XD = 50,0 + 45,0 * xt / max range ; 

YD = 50,0 € 45.0 * "t / ma range; 
setcolor(&red); 
movabsí&xD,&YD) ; 

дим = 50. 0. + OSG 7 
dyy = 50.0 + 45,0 * £ 
IREES(ZA 1 fay E 
CORTE. SOD = (ии 
lnabs(8cx,cy) ; 

return ; 


3 
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ax- range j 
g . 


Ke ` 


n" 
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detect ( ) 
í 


<.<- ۲1۰62۰16853۴ s[12] 


a 
y 


255 


115 1 
float 


setviewporti(gv21i,8v22,3v23,sv24, gborder, &bacK) 
setcolort(zwhite) 
while(R » max range) 


. 
, 


. 
3 


x w cos(BB) 
mel x sin(REB) 


27-00.0 
500 0 
t + yt « 
Uc xt / 
Dux wt / 


XE FEF 07 
V+ 10 DU 
pow(xt * x 
SOF OTt AS., 
2050545. 


i 
7: 
yt 
R 

AD 

YO 


DEADS(&A1D.,&YD) 


$ 


setviewport(&vi11,&v12,&v13,&v14,&border,&back) 
settextcir(&gray,&black) 
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22007 


NE - 


= 28,0 


Cx 


SCY) ;‏ بڑتع8) 5 وک ۳ےہ ہ5 
NO CONTACT") *‏ " 


texti 
m= 1 


settextí(&h,£w,&p,&m) ; 
settextclrí8&8lgreen,&grav); 


13 0 


Ss ج۱‎ 


movtcurabs(&cx,&Ccy) ; 


CONTACT”) 


7507: 


"WARNING ! 


ар 


text( 
m = 0 


settextí(&h,&w, 


settextclr(&gray,&black) 


52:20 


35.0 5 €Y = 


C= 


movtcurabs(&ox,&cy) ; 


a 
, 


"Hostile") 
1770: 


text ( 
cy = 


BaVvtelrabsl cx, &CY)J ;j 


PECERA Jo; 


CIS GES 


14.0 ; 


sprin 


550 SS 


ey = 


movtcurabs(zgcx,zcy) ; 


x) . 
4" , 


EC خی‎ 


ena hi 


> ی6 


IOS] 


Cy = 


movtcurabs(zcx,zcvy) ; 
SD (= sf U uy) Di: 
Lext(=š) ` 


270: 


Cy = 


moytcurabs(&cx,&Cy) : 
ƏEEIUEZS€, ZE UIT 


= ) . 
— 3, 


2205: 


text ( 
s. 


movtcurabs(sex xev ME 
аса = 1380.0 are ٣٢ 
sprintrt(s SE n IE 
textis) ; 


settextcir(&lgreen,&blacK); 


cy = 7 
movtcurabs( 3ecx.8cy) ; 
sorint:is. 077 77 
text(s) ; 

ey = 2620 5 
mevtcurabsfizcx:3€7)7: 
eworintt(s, €. ut = 
textos 

Qu O 
movtcurabs( &ckx,&Cy) 
Sorin ил ee 
text (sor; 

Cy = 2070; 
movtcurabs(&cx,&cy) ; 
sprinti (Ss: ٣ ; 
ESx s 

while(R <= max range) 


i 


setvieuwport(&v21,&v22,&v23,&y24,&border,&back) 


setcolor(gwhite) ; 
ptabs(&XD,&YD) ; 


сзсеТӱҹјемрог1(8911,2712,2713, 2914, cgpbordem sbaek) 


setxor(&switsh) ; 
m = 1 ; 
settext(&h,&w,&p,&m) 


settextclr(&lgreen,&gray); 
EXIST ESO 700 


movtcurabs(&cx,&cy) 


text WARNING WE TEST ES 


m = 07: 
settext(gh, gw,3p,3m) 


sSettextclr(&lgreen,&black) ; 
Qx = 35207: ev 0 | 


поуҹтсагаб=(82сх,*су) 
sprint er ote 
textís) ; 


xt = xt + 10.0 / 3600 0 x< U = COn FED 


movtcurabs( £cx,, gey ) 
Spr inti (Seo we vu) i; 
text(s) ; 

СУ ٣٦ى‎ 
movtcurabs(&cox,&cv) 
267 7 6 9ٰ ۷ہ‎ ee 
text(s) ; 


vt = yt + 10.0 / 3600)0 “0771” 
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movtcurabsí(&cocx,&cv) 


S 


O, 


3 


. 
3 


` 
$ 


. 
3 


` 
3 


Dr I T (S USE” ut) 
textís) ; 
Bv = 23,0 4 


movtcurabs(&cx,&cy) 


) 


SPrrmer t=. rt zt) 
text(s) ; 
movtcurabs(&cx,&cy 
Sprintfis, SE 2t) 
06 ٦ 

cy = 20.0 ; 


MOVIE UIAOSL SCX SCY) 


Sorn ES, “€£ R ) 
Te s. š 


55105: 05 + vt*vt -— zt*zt 


) 


movtcurabs(&cx,&cyv 
Sprites SE ,R) 
testis) 3 


XD = 50,0 + 45,0 * xt / max range 
YD = 50,0 + 45,0 * yt / max range 
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* 
3 


5 
i = getcht) 
2:7: 0 cy = 2.0 
məvtcurabstscx: zey) 
f= Ge teni) ٦ 
metn . 


; 


x / 
x / 
x / 
< / 
x / 
x / 
x / 
x / 


mud 


Y AND Z POSITION OF THE TARGET 


D 


function computes the CPA between the 


"sud: H 
"math,h" 
SQ ROPA ; 


Hinclude 
Hinclude 
double U 


МА1М() 
1 
GER ys 
00 6 : 
- : 
ј 


C P Ane) 


E CET 


/* target and the ship. Two CPA’s are computed one 
/* 18 the CPA in X-Y plan ( Gr horigental plane 
/* the other one TCPA ( true CPA ) is taking the 
/* altitude of the target into account. The CPA is 
/* converted into TCPA by changing from X-Y plan 
/* to Z plan. The parameters needed for this func- 
/* tion will be explained when they are declared 
ј 
float xs, ys : /€ initial “position OE Ae Si = 
float xt, vt : /* initial position Gt uo 7347232275 
float 2t ; /* constant altitude of the target */ 
float vs, as , /* velocity and course of the ship */ 
float at ; /* velocity and course of target */ 
float R ; /* distance between ship and targetx/ 
float A >; /* angle between horizontal and R ۶7 
float x1, v1 ; /* define ship's velocity vector x / 
float x2, v2 ; /* define target's velocity vector */ 
r1o207:27 ; /* target's relative velocity vect x/ 
float B ; /* angle of x-y vector x / 
float C : /* angle between R and x-y vector 7ج‎ 
float CPA ; (* CPA In AY plan 
/eEloat ECFA ; CPA with zt component Et 


prıntEt? uğu EEE ۹+ “ i 


= 


scant( TE TE. swe o U P Pp ZEN 
printf("Nn PLEASE ENTER ITS SPEED AND COURSE : “) 
scanf ( 2125577 20. ۶َ p 


printf("Nn PLEASE INPUT X AND Y POLU 07 ؟‎ ун 


ZZS, 8v) 


SPEED AND COURSE “o. 


US, Sas); 


al E EPI DT 
printf( me ll 
ав =) Eig ۷۷۷۶ ۹۹ : 


Tet, a 
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scanf 1667”‏ 
ك۹ EE”‏ م3 printt(‏ 
رج و وو scant‏ 


at = 


o 


0507 


R = pow((xs-xt)x(xs-xt)+(ys-yt)x(ys-yt) 
En On Ee Sft". R) ; 

А = atan2((yt-ys),(xt-xs)) 
S 676 7 6” , 2) ; 


22M OL to awoid division by zero €/ 


) 


NS 


1:75 TEI 0. 9.) ; 
6577: 


ROER 


DE cus = c0s3(as) ; 
yi = vs * sin(as) : 
EU STS cosa 
v2 U A Sinat) 
= e 
y = yl — y2 : 
PEI A = Sf N= SP K 
BE < ےر 3712۲7 6ذ‎ Å 
ENI np = Se T, Ë 1 
С = А — B : 
Eau ںات‎ SE ". C ) 3 
emo meee AU... C 4257079 ) 
ј 
E05 NO €CPA 1”) , 
return , 
} 
CEES R = =1П(С) 


61f”, 
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RCPA= pow((CPA * CPA 


E Na THE CPA IS : sf", 
Pera TAE TRUE CPA IS 


. 
3, 


return 


v 


NUMBER ( ) 
í 


double RIIIO] . RTIIO] , TA[10] Y p DE: 
double NPHI , PHI , NR , NL , lI STI M 
ACUC FNE 

AMS PE O ٦ 

Pte. A 


print£("\n PLEASE ENTER THE MAXIMUM THEN THE MINIMUM MISSILE 
RANGE"); | 
کے ت کے‎ ۶2۰٣2۰۲ ۲۰۰۶" RPA 7 
It.) 
$ | 
prıntf(”Mn THE TARGET 15 BEYONUO 18:77 O ICE STR 0) 
return 
; 
printt( Nn ENTER THE SPEED 700 - S l E ди. 


th 


امہ 


scanmp TIE EE UM 
print£("An ENTER THE DELAY TIME T ") ; 
scant( $i po E E 
RI[O] = RX ; 
TA[O] = O ; 
N = 0 : 
TEMP = RCPAZRI[O] ; 
NPHI = asin(TEMP) 
print£("\n RCPA "Sif , T = 8126 Ut KE pe X02 
DIST = pwenn: | 
TEMP = (DISTSDIST + RI[GJSKI[O] — Z-AESISET[OT= sos E 
NR = powiTEMP , 0.5 ) : 
TEMP = DIST*RCPA/(NR*RI[O]) ; 
NL - asin(TEMP) ; Å 
printt( “n NPHI = SIE , DIST = 812 , NR = %1£ , NL = 
512 " NEHI , 01277 ٣۷٣(١ 1 
TA[1] = NPHI + NL : 
TEMP = U/Vxsin(TA[1 ]) ; 
LA[1] » asin(TEMP) : | 
PH f = РТи TALI SPART 
RI[1] = RCPA / sin(PHI) : 
EITTJ /تا‎ ۷×٤ ]1[( ; 
N = әј : 


while (ЕТФИЈ с= EX ) 
ј 


< 


lire PIE RI 
5 


< 


TEMP = RCPA / RN ; 

NPHI = PI - asin(TEMP) ; 

TEMP = BIST*DIST + RN=EN — ZeDİST”EMN-“cos EEE) : 
NR - pow(TEMP , 0,5) : 

TEME = GEST=RCPA,/(NKSEEN) ; 
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NL = asin(TEMP) : 


TA[N] = NPHI + NL ; 

TEMP = U/Vxsin(TA(N]) ; 

LA[N] » asin(TEMP) ; 

PHI “Ди TS TAT = 271 i 
HİT) — RCPA / sin(PHI) : 
RT(N] = U/VSRI(N] ; 


11 BMİN?) >= RX ) 
f 


4 


би JES OF MISSILES : 30d.” ; N ) ; 
return ; 
y 
: 
NPHI = PI- > PHI : 
TEMP = (DISTXDIST -* RI[NJ*RI[N] - 2*DIST*RIÍN]*cos(NPHI)) ; 
NR — ENP , 0.5 ) ; 
TEMP = DISTXKRCPAZ(NRxERI[N]) : 
NL - asin(TEMP) i 
N = N + 1 : 
Tepe = NPHI + NL : 
TEMP c U/Vesin(TAfİN)1) , 
IN asini TEMP) ; 
BAT - PI 160000 LAIN] ; 
Pigg] = RCPA /-siniPHI`) : 
RT[N] = U/VXRI[N) ; 
7 
for (1=0;i<N;i++) 
i | 
E077:7( - ::2 — Elİ(11/24.0, 
TEK A ]اک و وہہ یں‎ 3 [( b) ; 
} 
TPF = FOS TPK 
DEN LE TOTES SIT RX = SIE , RN = KIEL ~, RCPA,RX,RN ) 


for (1=0;1<N;1++) 
En ۲۶٦ج 8٭د( ق9٢٦۲ ج‎ ٣۱۶ ,TA[6d3]=%1£ ,PK[—[Sd]=%S1£ " 
2711:177577:1-1:.Ek5tı11): 


5257517777 :7152251016L£( PROBABILITY OF KILL IS SIE “, TPR ); 
printt("n THE NUMBER OF MISSILES THAT CAN BE FIRED : 20457 
DIR: 
return 


3 
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